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1 .  SUMMARY 


This  report  documents  the  results  of  a  sensitivity  and 
feasibility  analysis  of  capacity  expansion  measures  for  the 
Great  Lakes/St.  Lawrence  Seaway  System.  Non-structural  and 
structural  alternatives  for  increasing  the  capacity  of  the 
System  were  simulated  in  an  effort  to  identify  possible  modi¬ 
fications  to  the  GL/SLS  System  which  would  pass  the  projected 
2050  unconstrained  commodity  flows. 

The  GL/SLS  Lock  Capacity  ,odel  was  used  to  perform  the 
simulations.  The  previously  existing  model  was  modified  to 
test  for  lock  capacity,  defined  as  an  average  lock  utilization 
greater  than  or  equal  to  90%  for  the  period  May  through  Nov¬ 
ember,  and  to  implement  non-structural  and/or  structural  capacity 
expansion  measures  when  capacity  was  reached.  Modifications  were 
also  made  to  allow  input  of  up  to  15  commodities.  The  GL/SLS 
Lock  Capacity  Model  has  been  validated  at  the  Soo,  Welland  Canal, 
and  St.  Lawrence  River  Lock  Systems  using  1976  data. 

As  a  first  step  in  the  analysis,  the  simulation  was 
run  with  the  lock  systems  using  existing  conditions  to  deter¬ 
mine  when  capacity  would  be  reached.  With  existing  high  water 
levels  permitting  drafts  of  27  feet  at  the  Soo  and  26  feet  at 
the  Welland  Canal  and  St.  Lawrence  River,  capacity  would  be 
reached  in  1984  with  78,926,000  short  tons  at  the  Welland  Canal, 
in  2010  with  182,251,000  short  tons  at  the  Soo,  and  in  2014  with 
99,174,000  short  tons  at  the  St.  Lawrence  River  Locks.  Using 
the  low  water  datum  draft  of  25.5  feet  throughout  the  system, 
capacity  would  be  reached  in  1981  with  75,198,000  short  tons  at 
the  Welland  Canal,  in  2006  with  173,739,000  short  tons  at  the 
Soo,  and  in  2006  with  92,526,000  short  tons  at  the  St.  Lawrence 
River  Locks. 

Four  individual  non-structural  alternatives  were  tested 
for  their  effectiveness  in  increasing  system  capacity.  These 
four  alternatives  are: 

1.  Installing  traveling  kevels, 

2.  Increasing  ship  speed  into  the  lock, 

3.  Decreasing  chambering  time  by  decreasing  dump/ 
fill  time  and  providing  downstream  longitudinal 
hydraulic  assistance,  and 

4.  Installing  a  local  traffic  control  system  at  each 
lock  system. 
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A  fifth  simulation  run  was  made  using  the  combination  of  these 
non-structural  alternatives  which  gave  the  largest  locking  time 
reduction.  This  combination  reduced  locking  times  13%  and  con¬ 
sisted  of  installing  traveling  kevels,  reducing  dump/fill  times, 
and  installing  local  traffic  control  systems.  The  results  of  the 
non-structural  capacity  expansion  analyses,  in  terms  of  the 
year  at  which  capacity  is  reached  and  the  corresponding  tonnage 
processed,  are  shown  in  Figure  1.1  for  the  Soo  Locks,  Figure  1.2 
for  the  Welland  Canal,  and  Figure  1.3  for  the  St.  Lawrence  River 
Locks. 


Four  structural  scenarios  were  modeled  to  test  their 
ability  to  pass  the  projected  2050  unconstrained  cargo  flows. 

Two  of  the  scenarios  involved  constructing  larger  locks  able  to 
pass  Class  11  ships  and  to  pass  Class  12  ships,  respectively. 

The  other  two  scenarios  involved  deepening  system-wide  draft  to 
28  feet  and  to  32  feet  without  changing  the  existing  lock  dimen¬ 
sions.  Each  of  the  structural  modifications  was  implemented 
after  capacity  was  reached  using  the  combined  non-structural 
alternatives.  The  results  of  the  capacity  simulations  of  the 
structural  scenarios  are  also  shown  on  Figure  1.1  for  the  Soo 
Locks,  Figure  1.2  for  the  Welland  Canal,  and  Figure  1.3  for  the 
St.  Lawrence  River  Locks. 

A  fifth  structural  scenario  was  modeled  to  determine  the 
effectiveness  of  constructing  another  large  lock  at  the  Soo 
without  structural  modifications  to  either  the  St.  Lawrence 
River  or  the  Welland  Canal  Locks.  Cargo  flow  through  the 
Welland  Canal  was  limited  to  the  near  capacity  tonnage  of 
87,400,000  short  tons  per  year  achieved  with  the  combined  non- 
structural  alternatives.  The  Soo  and  St.  Lawrence  River  cargo 
flows  were  re-projected  based  on  this  constraint.  A  new  lock 
capable  of  handling  Class  11  ships  was  built  at  the  Soo  when 
capacity  was  reached  there  with  the  combined  non-structural 
alternatives.  This  new  lock  proved  to  be  very  beneficial  as 
can  be  seen  on  Figure  1.1. 

Capital  and  increased  annual  operation  and  maintenance 
costs  were  estimated  for  each  of  the  non-structural  alternatives 
and  the  structural  scenarios.  These  cost  estimates,  although 
very  preliminary  in  nature,  can  be  used  to  determine  the  rela¬ 
tive  cost  effectiveness  of  each  alternative  in  this  feasibility 
analysis . 
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FIGURE  1.1  LOCK  CAPACITY  SUIVIARY  AT  THE  SOO  LOCKS 


FIGURE  1.2  LOCK  CAPACITY  SUMMARY  AT  THE  WELLAND  CANAL 


FIGURE  1.3  LOCK  CAPACITY  SUMMARY  AT  THE  ST.  LAWRENCE  RIVER  LOCKS 


It  is  recommended  that  the  GL/SLS  Lock  Capacity  Model 
continue  to  be  used  to  provide  further  insight  into  the  relative 
merits  of  possible  alternatives  for  relieving  capacity  conditions 
in  the  GL/SLS  System.  Suggestions  are  made  for  both  additional 
sensitivity  analyses  of  non-structural  alternatives  and  for 
additional  feasibility  analyses  of  structural  scenarios. 


2.  INTRODUCTION 


The  Great  Lakes/St.  Lawrence  Seaway  (GL/SLS)  System  pro¬ 
vides  a  shipping  link  between  the  deep  water  of  the  Atlantic 
Ocean  and  ports  2400  miles  inland  on  the  American  continent. 

This  includes  1000  statute  miles  down  the  St.  Lawrence  River, 

1350  miles  over  the  Great  Lakes,  and  400  miles  in  connecting 
channels.  In  that  distance  there  are  nineteen  locks  comprising 
three  sets  of  locks  that  lift  ships  from  sea  level  to  an  elevation 
of  600  feet  in  Lake  Superior.  Figure  2.1  is  a  schematic  cross- 
section  of  the  GL/SLS  System.  Figure  2.2  shows  the  area  covered 
by  the  system. 

The  capacity  of  any  navigation  system  including  the 
Great  Lakes/St.  Lawrence  Seaway  System  is  determined  by  the 
system's  limiting  or  constraining  element;  the  element  which  has 
the  slowest  processing  time.  In  very  general  terms,  the  GL/SLS 
System  can  be  thought  of  as  a  series  of  locks,  connecting  channels, 
and  harbors.  The  complexity  inherent  in  the  three  lock  systems, 
the  five  connecting  channels,  and  over  forty  harbors  becomes  even 
more  significant  when  the  numerous  trade  routes  between  the 
various  harbors  for  inland  traffic  and  for  the  ocean  trade  are 
also  considered.  Generally,  for  navigation  systems  equipped  with 
locks,  the  traffic  capacity,  defined  either  in  terms  of  annual 
tonnage  or  annual  vessel  transits,  is  constrained  by  the  locks. 
Prior  capacity  studies  of  the  GL/SLS  System  have  indeed  shown 
the  locks  to  be  the  constraining  element  of  this  system.  As  the 
annual  tonnage  shipped  on  the  GL/SLS  navigation  system  continues 
to  increase  in  the  future,  the  demand  for  service  at  the  locks 
will  increase  accordingly,  and  as  the  capacity  limits  of  the 
system  are  approached,  vessels  will  begin  to  experience  long 
waiting  times- and  long  vessel  queues  at  the  locks.  The  resulting 
inability  of  the  system  to  effectively  service  its  customers 
would  obviously  be  reflected  by  a  decrease  in  the  popularity 
and  use  of  the  system,  with  an  adverse  impact  on  the  economic 
growth  of  the  entire  nineteen  state  region  served  by  the  system. 

Any  transportation  system  interested  in  serving  its 
customers  over  the  long  term  must  plan  to  provide  an  expanded 
capacity  when  the  need  for  such  capacity  is  required  by  the 
system's  users.  For  a  simple  system  having  one  major  constrain¬ 
ing  component,  the  removal  of  the  constraint  at  that  one  point 
removes  the  system  constraint.  For  a  more  complex  system,  such 
as  the  GL/SLS  navigation  system,  the  multiplicity  of  locks, 
connecting  channels,  and  harbors  presents  a  more  challenging 
assignment  to  the  planners  addressing  the  removal  of  system 


FIGURE  2.1  PROFILE  OF  GREAT  LAKES-ST.  LAWRENCE  NAVIGATION  SYSTEM 
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FIGURE  2.2  THE  GREAT  LAKES  -  ST.  LAWRENCE  SEAWAY  SYSTEM 


capacity  constraints  over  the  long  term.  An  analysis  of  the 
entire  system  is  required  to  ensure  that  removal  of  a  constraint 
at  one  feature  or  location  does  not  simply  result  in  movement  of 
the  constraint  to  another  feature  or  location  with  relatively 
little,  if  any,  improvement  in  overall  system  capacity. 

With  such  considerations  in  mind,  the  North  Central 
Division  of  the  U.S.  Army  Corps  of  Engineers  initiated  a  study 
entitled,  "Great  Lakes/St.  Lawrence  Seaway  Regional  Transportation 
Studies",  having  as  its  primary  objective  the  development  of  a 
sound  documented  working  tool  for  use  in  analyzing  GL/SLS 
regional  transportation  improvement  alternatives.  This  report 
documents  part  of  the  work  of  Task  8  of  this  program,  the  objec¬ 
tive  of  which  is  to  perform  a  sensitivity  and  feasibility  analysis 
of  selected  non-structural  and  structural  alternatives  for  in¬ 
creasing  lock  capacity  through  the  year  2050.  This  analysis  was 
performed  using  the  GL/SLS  LOCK  CAPACITY  MODEL  which,  in  simple 
terms,  is  a  queuing  model  which  analyzes  steady  state  lock 
operations  and  vessel-lock  interaction  at  the  three  lock  systems. 

The  feasibility  and  sensitivity  nature  of  this  work  is 
emphasized.  The  analysis  of  the  non-structural  alternatives 
selected  by  the  Corps  of  Engineers  for  inclusion  in  this  study 
should  be  interpreted  not  only  in  terms  of  the  specific  alter¬ 
natives,  but  more  broadly  in  terms  of  the  capacity  improvements 
potentially  achievable  through  the  appropriate  reductions  in 
lockage  times  at  each  of  the  lock  systems.  In  similar  fashion, 
the  analysis  of  the  structural  alternatives  selected  by  the  Corps 
of  Engineers  for  inclusion  in  this  study  should  be  interpreted 
more  broadly  in  terms  of  the  level  of  capacity  improvement 
potentially  achievable  through  enlarging  particular  lock  charac¬ 
teristics,  thereby  allowing  passage  of  longer  and  wider  ships  or 
deeper  draft  ships.  Practically  speaking,  it  may  be  considered 
unlikely  that  a  lock  system,  for  example,  would  be  made  deeper 
without  also  being  made  longer  and  wider  as  was  the  case  for 
some  of  the  structural  alternatives  investigated  in  this  program. 
It  is  exactly  this  approach,  however,  that  provides  insight  into 
the  effect  of  system  draft  on  system  capacity.  This  feasibility 
and  sensitivity  approach  must  be  born  in  mind  throughout  this 
report. 

The  model  selected  for  use  in  this  study  was  selected 
with  the  sensitivity  and  feasibility  nature  of  the  study  in 
mind.  The  model  focuses  on  the  constraining  lock  in  a  series 
lock  system  and  makes  the  assumption  that  system  improvements  are 
implemented  at  all  of  the  locks  in  a  system  simultaneously.  This 
implies  that  the  initially  constraining  lock  remains  the  con¬ 
straining  lock.  This  approach  allows  use  of  a  model  which  is 
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relatively  simple  in  structure  and  therefore  relatively  quick 
and  inexpensive  to  run,  allowing  a  large  number  of  alternatives 
to  be  investigated  for  feasibility  relatively  quickly  and  at 
relatively  low  cost.  It  is  cautioned,  however,  that  this  model 
is  not  suitable  for  use  in  investigating  an  individual  lock 
system  in  great  detail  or  for  making  final  decisions  on  which 
non-structural  or  structural  alternatives  to  implement.  The 
model  is  extremely  useful  for  evaluating  system  sensitivity 
and  alternative  feasibi  1  ity,  thereby  defining  those  non-structural 
and  structural  alternatives  which  warrant  further  investigation. 
This  is  the  purpose  for  which  the  model  was  developed  and  applied 
in  this  study  and  any  attempt  to  read  any  greater  significance 
or  importance  into  the  results  obtained  would  be  a  serious 
mistake. 

The  following  sections  of  this  report  include  a  brief 
description  of  the  GL/SLS  LOCK  CAPACITY  MODEL  used  in  this  study 
and  its  validation,  descriptions  of  the  results  obtained  with 
the  model  for  both  a  low  water  datum  and  deeper  water  base  case 
for  the  non-structural  alternatives  and  for  the  structural  alter¬ 
natives,  a  summary  of  the  costs  associated  with  the  alternatives, 
an  analysis  of  all  the  results,  and  the  conclusions  and  recommen¬ 
dations  drawn  from  the  study.  The  results  of  this  work  feed 
directly  into  the  work  associated  with  the  determination  of  NED 
Benefits  for  the  capacity  expansion  alternatives  selected. 


3.  DESCRIPTION  OF  GL/SLS  LOCK  CAPACITY  MODEL 


In  an  overall  view,  the  GL/SLS  LOCK  CAPACITY  MODEL  can  be 
described  as  a  queuing  model  which  analyzes  steady-state  lock 
operations  and  vessel-lock  interaction  for  the  Soo,  Welland,  and 
St.  Lawrence  River  Lock  Systems.  Its  purpose  is  to  provide  a 
planning  tool  to  aid  in  predicting  if,  or  when  in  time,  the 
Soo,  Welland  Canal,  and  St.  Lawrence  River  Locks  can  be  expected 
to  reach  a  capacity  condition,  and  to  evaluate  means  by  which 
the  capacity  of  the  lock  systems  may  be  increased.  The  capa¬ 
city  determinations  are  a  function  of: 


•  Cargo  Traffic  Projections 

•  Vessel  Fleet  Projections 

•  Vessel  Operating  Characteristics  and 

Locking  Times 

•  Lock  Operating  Characteristics 

•  Length  of  Navigation  Season 

•  Available  Operating  Time  (Weather  Delays, 

Lock  Malfunction  Delays,  Dayl ight-Only 
Navigation) 

•  Pleasure  Craft  and  Non-Commercial  Vessel 

Locking  Requirements 

•  Winter  Vessel  and  Lock  Operating  Pro¬ 

cedures. 


For  a  given  set  of  the  above  listed  data,  the  GL/SLS  LOCK  CAPACITY 
MODEL  determines  the  following  for  fourteen  separate  time  periods 
(ten  months  plus  early  and  late  April  and  early  and  late  December): 

•  Cargo  Transported  by  Commodity  and  Direction 

•  Vessel  Operating  Fleet 

•  Yearly  Vessel  Transit  Demand  by  Vessel  Class, 

Comodi ty,  and  Direction 

•  Daily  Vessel  Transit  Demand  by  Vessel  Class 

and  Direction 

•  Lock  Cycle  Time  by  Direction  (Mean  and 

Standard  Deviation) 

•  Average  Vessel  Waiting  Time  by  Direction 

•  Average  Vessel  Queue  Length  by  Direction 

•  Lock  Utilization. 


The  model  performs  this  analysis  every  two  years  from  a  base  year 
to  a  prescribed  final  year.  The  lock  cycle  time,  average  vessel 
waiting  time,  average  vessel  cueue  length,  and  lock  utilization  are 


3-1 


output  for  each  two  year  period,  while  the  results  of  the  entire 
analysis  are  output  every  decade.  A  schematic  diagram  of  the 
Lock  Capacity  Model  is  shown  in  Figure  3.1. 

The  model  also  determines  the  year  in  which  capacity  is 
reached,  based  on  90%  average  lock  utilization  for  the  months  of 
May  through  November.  The  entire  output  is  printed  for  the 
capacity  year  and  the  model  either  ends  the  run  for  that  lock 
or  implements  a  non-structural  or  structural  capacity  expansion 
measure  and  continues  the  analysis  until  the  final  year  is 
reached. 

A  typical  output  run  for  one  year  and  one  lock  system  is 
included  in  Appendix  A  as  an  example.  This  program  was  run  on 
the  EKSl  service  of  the  Boeing  Computer  Network.  A  complete  run 
consisting  of  all  three  lock  systems  analyzed  from  1978  to  2050 
submitted  in  batch  costs  approximately  $33  at  high  priority. 

This  does  not  include  the  costs  of  compilation  and  printing 
which  are  comparatively  small  compared  to  the  run  costs. 

The  GL/SLS  LOCK  CAPACITY  MODEL  is  comprised  of  a  series 
of  individual  modules.  The  purpose  of  each  of  these  modules  is 
as  follows: 

FLEET  DETERMINATION  MODULE  determines  the  required  vessel 
fleet  mix  to  carry  the  projected  cargo  tonnage  demand  by  commod¬ 
ity  as  a  function  of  the  existing  fleet,  vessel  retirement  or 
phase-out  schedule,  vessel  building  schedule,  available  operating 
time,  specific  trade  routes,  and  vessel  characteristics  (carrying 
capacity,  speed  of  advance,  length,  beam,  ice  transiting  capa¬ 
bility,  vessel  utilization  factor,  and  required  locking  time)  for 
the  particular  lock  system.  As  output,  the  model  generates  a 
vessel  fleet  (number  of  ships)  by  vessel  class  (size)  and  conmod- 
ity  necessary  to  carry  the  projected  annual  cargo  tonnage  demand. 

TRANSIT  FORECAST  MODULE  converts  the  vessel  fleet  gener¬ 
ated  by  the  FLEET  DETERMINATION  MODULE  and  the  annual  cargo 
demand  projections  into  a  vessel  transit  forecast  demand  (vessel 
arrivals)  by  vessel  class,  direction,  and  commodity,  that  will 
arrive  at  that  particular  lock  system  on  a  daily  basis  as  a 
function  of  vessel  characteristics  and  vessel  utilization  (T  of 
loaded  backhauls). 

SHIP  DISPATCH  MODULE  is  used  only  for  the  Soo  Lock  System 
where  a  decision  must  be  made  as  to  which  of  the  locks  a  particu¬ 
lar  vessel  will  be  assigned  based  on  vessel-lock  limitations  and 
relative  lock  utilization  and  vessel  waiting  times.  For  the  Soo 
Lock  System,  the  objective  is  thus  to  establish  a  transit  forecast 
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of  vessels  by  class,  direction,  and  commodity  that  will  arrive 
at  each  of  the  locks.  This  decision  process  is  made  on  the  basis 
of  equating  lock  utilization  within  the  constraints  imposed  by 
vessel-lock  limitations. 

LOCK  CYCLE  TIME  MODULE  calculates  the  mean  lock  cycle 
time  as  a  function  of  the  transit  forecast  of  vessels  by  class, 
direction,  lock  turnback  characteristics,  and  level  of  traffic. 

LOCK  QUEUING  MODULE  determines  the  average  vessel  waiting 
time,  average  vessel  queue  length,  and  lock  utilization  based  on 
the  vessel  transit  forecast,  mean  lock  cycle  time,  available 
lock  operating  time,  weather  delays,  lock  malfunction  delays, 
required  pleasure  craft  and  non-coinnercial  lockages,  and  ice 
delays . 

CAPACITY  MODULE  determines  if  lock  capacity  is  reached  and 
implements  capacity  expansion  measures  if  they  are  desired. 

In  the  following  sections  a  list  of  basic  assumptions  for 
the  GL/SLS  LOCK  CAPACITY  MODEL  and  a  brief  description  of  each 
module  are  presented.  A  more  detailed  description  of  each 
individual  module  is  presented  in  the  documentation  volume  of 
this  report. 


3.2  List  of  Basic  Assumptions 

In  developing  the  GL/SLS  LOCK  CAPACITY  MODEL,  the  following 
basic  assumptions  were  made: 

Vessels 

(1)  All  ships  in  the  fleet  are  represented  by  specific 
ship  classes. 

(2)  All  ships  will  attempt  to  maintain  their  maximum 
capable  speed  at  all  times  except  where  speed 
limits  exist. 

(3)  A  ship's  maximum  speed  capability  is  determined  by 
analyzing  the  ship's  thrust  capability  versus  its 
resistance  characteristics  in  open  water  and  ice. 

(4)  No  accidents  involving  ships  are  assumed  to  occur 
in  the  system  and  no  time  delays  due  to  accidents 
are  considered. 


(5)  All  ships  are  treated  on  an  equal  basis. 

(6)  All  ships  will  operate  only  during  daylight  hours 
in  areas  where  nighttime  navigation  is  prohibited. 

(7)  All  ships  are  assumed  to  carry  a  full  cargo. 

(8)  All  ships  carry  only  one  cargo  at  a  time. 

(9)  Lakers  are  phased-out  or  retired  from  the  fleet 
based  on  a  75  year  useful  life. 

(10)  When  additional  ships  are  needed  because  the  cargo 
demand  is  greater  than  the  fleet  transporting  capa¬ 
bility,  ships  are  built  according  to  percentages 
which  were  determined  from  current  building  trends 
and  are  input  as  data  into  the  model. 

(11)  When  the  cargo  demand  is  less  than  the  fleet  trans¬ 
porting  capacity,  the  smallest  ships  are  deleted 
first. 

Locks 

(1)  Each  lock  can  be  described  as  a  single-server  with 
a  simple  waiting  line  queue. 

(2)  Vessels  are  processed  on  a  first  come-first  served 
basis. 

(3)  Lock  service  time  distribution  is  characterized  by 
its  mean  and  standard  deviation. 

(4)  Vessel  arrival  rate  follows  a  Poisson  distribution. 

(5)  Vessels  are  locked  through  in  a  manner  which  minimizes 
the  lock's  utilization  (maximizes  its  capacity).  If 
queues  exist  on  both  sides  of  the  lock,  the  lock  will 
alternate  in  processing  upbound  and  downbound  vessels. 
If  a  queue  exists  on  one  side  of  the  lock  and  the  time 
of  arrival  of  a  vessel  at  the  other  side  of  the  lock 
is  less  than  the  turnback  time  of  the  lock,  the  lock 
will  wait  to  process  the  arriving  vessel.  Otherwise, 
it  will  turn  back  to  process  the  next  vessel  in  the 
queue. 

(6)  Only  one  vessel  at  a  time  is  processed  by  a  lock. 
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(7) 


Tht;  capacity  of  each  lock  system  is  determined  by 
the  constraining  lock  and  the  distance  between  locks 
does  not  prohibit  the  Poisson  distribution  of  vessel 
arrivals . 


(8)  At  the  Soo,  vessels  arriving  are  sorted  by  their  use 
of  the  lock  and  form  independent  queues  for  each 
lock.  In  sorting  vessels  to  each  lock,  vessels  are 
assigned  in  a  manner  which  minimizes  the  system's 
utilization  (maximizes  its  capacity)  within  pre¬ 
scribed  vessel -lock  constraints.  As  queues  start 
forming,  vessels  are  dispatched  to  the  waiting  space 
provided  at  each  lock  in  such  a  manner  that  no  other 
vessel  is  blocked  from  entering  an  idle  lock. 

Cargo 

(1)  All  cargo  forecasts  are  considered  to  be  the  uncon¬ 
strained  maximum  tonnage  for  each  commodity  that  is 
expected  to  move  through  the  GL/SLS  System.  All 
commodities  are  transported  throughout  the  entire 
season.  No  additional  tonnages  are  generated  from 
extended  season  operation. 

(2)  Fifteen  commodity  tonnages  are  input.  For  use  in  the 
model  these  fifteen  are  grouped  into  six  major 
comnodity  categories.  These  categories  and  their 
corresponding  commodities  are: 


Grain: 

Stone: 

Iron  Ore: 

Coal : 

Other  Bulk: 
General  Cargo: 


wheat,  soy  beans,  barley  and  rye, 
corn  and  oil  seeds 

limestone 

iron  ore 

coal 

raw  materials,  cement,  petroleum 
products,  minerals,  and  dry  bulk 

general  cargo  and  steel  products 


3. 3  Description  of  Fleet  Forecast  Module 


Objective 


Determine  the  required  vessel  fleet  mix  for  a  given  lock 
system  needed  to  carry  the  projected  cargo  tonnage  demand  by 


■J 


3-6 


commodity  as  a  function  of  the  existing  fleet,  vessel  retirement 
or  phase-out  schedule,  vessel  building  schedule,  available  opera¬ 
ting  time,  specific  trade  routes  and  vessel  characteristics 
(carrying  capacity,  speed  of  advance,  length,  beam,  ice  transiting 
capability,  vessel  utilization  factor,  and  required  locking  time). 

Method  of  Approach 

The  method  of  approach  used  in  the  FLEET  FORECAST  MODULE 
is  depicted  in  Figure  3.2  and  consists  of  the  following  major 
steps: 


(1)  Determine  the  number  of  round  trips  each  vessel 
class  and  commodity  combination  can  make  during  the  entire 
navigation  season  for  a  given  set  of  input  commodity  trade  route 
data,  vessel  characteristics  and  operating  data  (carrying  capa¬ 
city,  vessel  speed  of  advance,  loading  and  unloading  times, 
locking  times,  and  extended  season  operations). 

(2)  Determine  the  remaining  fleet  commodity  transporting 
capacity  for  the  entire  navigation  season.  Initially,  older 
vessels  are  phased-out  of  the  base  year  fleet  in  accordance  with 
the  vessel  retirement  or  phase-out  schedule  and  then  the  remain¬ 
ing  fleet's  transporting  capacity  by  commodity  is  determined  by: 

RFCAP.  =  Z  NSHIPS..  x  NRTRIPS..  x  CC .  .  [3.1] 

where 


RFCAP.  =  Remaining  fleet  capacity  for  the  fth  commodity 

NSHIP..  =  number  of  vessels  in  remaining  fleet  of  the  ith 
vessel  class  transporting  the  ith  commodity 


NRTRIPS..  =  number  of  round  trips  per  year  each  vessel  of 
the  ith  vessel  class  can  make  transporting  the 
ith  commodity 


CC . .  =  carrying  capacity  of  each  vessel  of  the  ith 
vessel  class  for  the  jth  commodity 

Z  =  summation  over  all  vessel  classes. 


(3)  Add  (or  delete)  ships  to  (or  from)  the  remaining 
fleet  until  the  fleet  commodity  transporting  capacity  equals  the 
annaul  cargo  tonnage  demand.  When  the  annual  cargo  tonnage  demand 
is  greater  than  the  transport  capacity  of  the  remaining  fleet. 
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ships  are  added  to  the  fleet  based  on  percentages  established  for 
each  commodity  and  vessel  class.  These  shipbuilding  percentages 
are  based  on  the  current  shipbuilding  trends  determined  from  his¬ 
torical  records  and  from  interviews  with  fleet  operators.  If 
the  transport  capacity  of  the  remaining  fleet  is  greater  than 
the  cargo  tonnage  demand,  vessels  are  deleted  from  the  fleet, 
with  the  smallest  vessels  being  deleted  first,  until  the  trans¬ 
port  capacity  equals  the  cargo  demand.  Because  vessels  can  be 
engaged  in  several  commodity  trades,  this  process  of  adding  and 
deleting  vessels  is  an  iterative  one  which  is  repeated  until  the 
fleet  transport  capacity  equals  the  cargo  demand  for  every 
commodity. 

Output 


Required  Vessel  Fleet  by  Commodity  and  Vessel  Class. 


3.4  Description  of  Transit  Forecast  Module 


Object! ve 


Convert  the  vessel  fleet  mix  generated  by  the  FLEET  DETER¬ 
MINATION  MODULE  and  the  annual  cargo  demand  projections  into  a 
vessel  transit  forecast  demand  (vessel  arrivals),  by  vessel 
class,  direction  and  commodity,  that  will  arrive  at  the  particular 
lock  system  on  a  daily  basis  as  a  function  of  vessel  charac¬ 
teristics  and  vessel  utilization  {%  of  loaded  backhauls)  and 
bias  traffic  factor  for  the  14  time  periods  (10  months  plus 
early  and  late  April  and  early  and  late  December). 

Method  of  Approach 

The  method  of  approach  used  in  the  TRANSIT  FORECAST  MODULE 
is  depicted  in  Figure  3.3  and  consists  of  the  following  major 
steps: 


(1)  Calculate  the  loaded  transits  and  cargo  distribution 
for  each  time  period  for  a  given  set  of  cargo  tonnage  demand 
and  vessel  characteristics  and  performance  data. 

(2)  Calculate  the  ballast  transit  distribution  for  each 
time  period  based  on  vessel  utilization  factor  ranging  from  0.0 
(one  ballast  transit  for  every  loaded  transit)  to  1.0  (minimum 
number  of  ballast  transits)  and  navigation  season  start-up  and 
end  bias  traffic  factors. 
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Number  of  Daily  Vessel  Loaded  and  Ballast  Transits  (by 
vessel  class,  direction,  and  commodity)  for  the  14  time  periods. 


3.5  Description  of  Ship  Dispatch  Module 

Objective 

Distribute  the  daily  number  of  vessel  loaded  transits  (by 
vessel  class,  direction,  and  cotnnodity)  and  ballast  transits  (by 
vessel  class  and  direction)  generated  by  the  TRANSIT  FORECAST 
MODULE  to  each  of  the  Soo  Locks. 

Method  of  Approach 

(1)  Ships  arriving  at  the  locks  are  assigned  by  the  lock 
master  to  a  specific  lock  based  on  the  physical  limitations  and 
availability  of  each  lock.  Based  on  physical  limitations  and 
to  ensure  maximum  lock  capacity  (tonnage  and  number  of  daily 
transits),  vessels  are  initially  dispatched  in  the  model  depending 
upon  the  maximum  ship  size  as  follows: 

(a)  Maximum  Vessel  Class  10  (existing  condition) 

•  Loaded  Class  4  and  ballasted  Class  4,  5,  6, 

7,  and  8  vessels  are  assigned  to  the  Sabin 
and  Davis  Locks 

•  Loaded  Class  5,  6,  and  7  vessels  are  assigned 
to  the  MacArthur  Lock 

•  Loaded  Class  8  and  all  Class  9  and  10  vessels 
assigned  to  the  Poe  Lock. 

(b)  Maximum  Vessel  Class  11  (Davis  Lock  replaced  with 
a  1350  X  115  foot  lock) 

•  Loaded  Class  4  and  ballasted  Class  4,  5,  6, 

7  and  8  vessels  are  assigned  to  the  Sabin 
Lock 

•  Loaded  Class  5,  6,  and  7  vessels  are  assigned 
to  the  MacArthur  Lock 

•  Loaded  Class  8  and  all  Class  9  and  10  vessels 
are  assigned  to  the  Poe  Lock 

•  All  Class  11  vessels  are  assigned  to  the  new 
Davis  Lock. 


(c)  Maximum  Vessel  Class  12  (Sabin  and  Davis  Locks  are 
replaced  by  a  1460  x  145  foot  lock) 

•  All  Class  4,  5,  6,  and  7  vessels  are  assigned 
to  the  MacArthur  Lock 

•  All  Class  8,  9,  and  10  vessels  are  assigned  to 
the  Poe  Lock 

•  All  Class  11  and  12  vessels  are  assigned  to  the 
new  Sabin-Davis  Lock. 

(2)  Lock  utilizations  for  each  lock  are  calculated  based 
on  the  initial  assignments.  Within  the  physical  size  constraints 
of  the  locks,  vessels  are  reassigned  in  a  manner  that  will 
minimize  lock  utilization  (maximize  capacity). 

Output 


Daily  Number  of  Vessels  and  Loaded  and  Ballasted  Transits 
(by  vessel  class,  commodity,  and  direction)  at  the  Soo  Locks 
for  14  time  periods. 


3.6  Description  of  Lock  Cycle  Time  Module 


Objective 


Calculate  the  mean  upbound  and  downbound  lock  cycle  times 
and  their  variances  as  a  function  of  the  transit  forecast  of 
vessels  by  class  and  direction,  lock  turnback  characteristics  and 
level  of  traffic  for  each  of  the  14  time  periods. 

Method  of  Approach 

The  method  of  approach  used  in  the  LOCK  CYCLE  TIME  MODULE 
consists  of  the  following  major  steps: 

(1)  Calculate  the  one-way  mean  locking  time  and  its 
variance  for  upbound  and  downbound  vessel  transit  forecast. 
Expressed  mathematically: 

ti  =  I  f.  X 

up  J=1  '^up  J,up 

*7  =  ^  fj  X 

down  j=l  '^down  j,down 
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up 


X  a" 
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'up 


^  A-  (2^7  ■ 

j  “up  7, up  "up 


down 


Z  / .  X  .  +  Z 

j  '^down  '^down  j 
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down  ■'jjdown  down 


where 


t-,  t  ty  =  upbound  and  downbound  one-way  mean  locking  time 
^up  "down 

/.  ,  f.  =  upbound  and  downbound  fractions  of  total  transits 

•^up  “^down  of  class  j  vessel  transits 


jup  jdown 


upbound  and  downbound  one-way  locking  times  of 
class  J  vessels 


a  ,  o.  =  upbound  and  downbound  one-way  mean  locking  time 
variance 


a  . 

J 


up 


c .  =  upbound  and  downbound  one-way  locking  time  variance 

■•^down  of  class  j  vessels 


E  =  summation  over  all  vessel  classes. 

J 

(2)  Calculate  the  mean  lock  cycle  time  and  its  variance 
for  upbound  and  downbound  vessel  transit  forecast.  If  ships  are 
waiting  on  both  sides  of  the  lock,  the  mean  lock  cycle  time  is 
simply  the  sum  of  the  mean  locking  time  for  downbound  ships  and 
the  mean  locking  time  for  upbound  ships,  while  if  the  traffic 
is  one-way,  i.e.,  either  entirely  upbound  or  entirely  downbound, 
the  mean  cycle  time  is  the  sum  of  the  one-way  mean  locking  time 
plus  the  time  for  the  lock  to  turn  back  and  get  ready  to  process 
the  next  ship.  For  the  general  case  when  vessels  are  not 
necessarily  waiting  to  be  serviced,  the  mean  lock  cycle  time  and 
its  variance  can  be  expressed  by  the  following  equations  which 
can  be  solved  simultaneously. 

^  ~  ^  ^  ^ClOWn 

up  up  down 


'-down  "  ‘^down  "  "  "“P 


up 


up 


X  „  X  t 
•  up  a 


up 
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Pdown  =  ^down  ^ 

up  ^  ^^"^down^  '*’  down  ^  down 

0^  =  o^  .  +  (1-p  )^  +  p^  p^ 

^down  ‘^P  ^  up  ^  up 

where 


t 

^down 

a 

^down 


t,  ,  t, 
up  down 

h 

^up 
^down 
“^up’  '^down 
^up’  ^down 
Output 


upbound  and  downbound  mean  lock  cycle  time 

upbound  and  downbound  variance  of  the  mean  lock 
cycle  time 

upbound  and  downbound  one-way  mean  locking  time 
turnback  time 

probability  of  the  lock  serving  an  upbound  vessel 
probability  of  the  lock  serving  a  downbound  vessel 
upbound  and  downbound  one-way  locking  time  variance, 
upbound  and  downbound  vessel  arrival  rate 


Mean  Upbound  and  Downbound  Lock  Cycle  Times  and  their 
variances  for  the  14  time  periods. 


3.7  Description  of  Lock  Queue  Module 

Obj ecti ve 


Determine  average  vessel  waiting  time,  average  vessel 
queue  length,  and  monthly  lock  utilization  based  on  the  vessel 
transit  forecast,  mean  lock  cycle  time,  available  lock  operating 
time,  weather  delays,  lock  malfunction  delays,  required  pleasure 
craft  and  non-commercial  lockages  and  ice  delays. 

Method  of  Approach 

The  LOCK  QUEUE  MODULE  can  be  described  as  a  single  server, 
simple  waiting  line  model,  characterized  as  M/G/1.  The  solution 
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of  the  M/G/1  model,  known  as  the  Pollaczek-Khentchine  Formula, 
is  based  or  the  following  assumptions: 

•  Poisson  arrival;  that  is,  exponential  inter¬ 
arrival  time 

•  Arbitrary  service  time  with  its  known  mean 
and  standard  deviation. 

Under  these  conditions,  the  average  queue  length  [Lq)  and  the 
queue  waiting  time  {w  )  can  be  determined  from  the  following 
equations:  ^ 


where 


L 

q 


o'  + 
-’p)" 


X  =  vessel  interarrival  rate  (number  of  ships  arriving 
per  unit  time) 

a  =  variance  of  mean  lock  cycle  time 

p  =  lock  utilization  {=  At  ) 

a' 

t  =  mean  lock  cycle  time. 
c 

Using  the  appropriate  data,  these  equations  are  used  to  determine 
the  average  queue  length  and  average  waiting  time  of  ships  for 
both  upbound  and  downbound  traffic  at  the  lock  for  each  of  the  14 
time  periods. 

In  addition,  as  a  first  approximation,  the  model  estimates 
the  round  trip  time  (transit  +  waiting)  for  the  Welland  Canal 
and  St.  Lawrence  River  systems.  This  total  round  trip  time  con¬ 
sists  of  the  sum  of  the  locking  times,  queuing  waiting  times,  and 
transit  times  in  reaches.  Expressed  mathematically: 

Total  Round  Trip  Time  =  {t  +  t  )/2  + 

“^up  “^down  '^up 

+  V  ■*■(*(.  )/2  +  (X'(_  ^'1  ) 

^down  "up  ‘^down  '’up  “down 

X  ,V  +  TT. 
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where 


t  ,  t  =  upbound  and  downbound  mean  lock  cycle  time  at 
'^up  '^down  the  constraining  lock 

t'  ,  =  upbound  and  downbound  mean  lock  cycle  time  at 

‘^up  “^down  the  remaining  locks 

W  ,  w  =  upbound  and  downbound  average  queue  waiting  time 
^up  ^down  at  the  constraining  lock 

V'  ,  V  =  upbound  and  downbound  average  queue  waiting  time 
‘^up  ^down  at  the  remaining  locks 

TT  =  round  trip  transit  time  in  the  reaches 
N  =  number  of  remaining  locks. 


Output 


Average  Vessel  Waiting  Time,  Average  Vessel  Queue  Length, 
and  Lock  Utilization  for  both  upbound  and  downbound  for  14  time 
periods. 


3.8  Description  of  the  Capacity  Expansion  Module 
Objective 

Determine  if  capacity  of  a  lock  has  been  reached  and  if 
so,  implement  a  capacity  expansion  measure,  if  desired. 

Method  of  Approach 


The  method  of  approach  used  in  the  Capacity  Expansion 
Module  consists  of  the  following  major  steps; 


(1)  Determine  if  capacity  has  been  reached  by  calculating 
the  average  lock  utilization  at  the  constraining  lock  for  the 
months  of  May  through  November.  If  this  average  lock  utilization 
is  greater  than  90%,  capacity  is  reached. 


(2)  If  capacity  is  reached  determine  if  a  capacity  ex¬ 
pansion  measure  is  to  be  implemented  and  if  so,  determine  what 
measure  is  to  be  implemented.  This  information  is  provided  as 
input  data.  Capacity  may  be  expanded  by  reducing  locking  times, 
deepening  ship,  draft,  or  building  new  locks.  Any  one  or  any 
combination  of  these  alternatives  may  be  used. 
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(3)  Implement  the  chosen  capacity  expansion  measure.  If 
no  measure  is  to  be  implemented,  the  analysis  will  stop  here  and 
move  to  the  next  lock  system.  If  capacity  is  to  be  expanded, 
the  required  new  data  will  be  read  and  the  calculations  needed  to 
implement  these  changes  will  be  made.  Simulation  will  resume 
with  the  next  two  year  period  following  the  capacity  year. 

Output 


The  year  capacity  is  reached  in  each  lock  system  and  the 
capacity  expansion  information. 


I 
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4.  VALIDATION  OF  GL/SLS  LOCK  CAPACITY  MODEL 


4.1  Introduction 

With  any  computer  model  which  is  supposed  to  represent 
a  real-world  phenomenon,  the  model's  results  or  predictions  are 
only  as  good  as  the  basic  input  data  and  the  basic  rules  and 
assumptions  used  in  its  development.  The  test  of  how  realis¬ 
tically  the  computer  model  represents  the  actual  conditions  at 
each  of  the  lock  systems  is  shown  through  its  validation, 
which  is  a  direct  measure  of  its  credibility.  Based  on  the 
validation  presented  in  this  section,  we  believe  that  the  model 
agrees  well  with  the  real-world  conditions  for  the  validation 
year  of  1976  and,  as  a  result,  the  model  predictions  for  future 
years  can  be  viewed  with  a  degree  of  confidence  within  the  con¬ 
straints  imposed  by  the  basic  rules,  assumptions,  and  input  data. 

A  validation  year  of  1976  was  chosen  because  locking 
information  is  well  documented  for  that  year.  It  is  felt  that 
1976  was  a  good,  typical  year  in  which  there  were  no  extra¬ 
ordinary  factors  which  would  have  affected  cargo  movements  through 
the  GL/SLS  system. 


4.2  Soo  Lock  System 
4.2.1  Brief  Description  of  the  Soo  Locks 

The  Soo  Locks  are  located  at  Sault  Ste.  Marie,  Michigan. 
Before  the  Navigation  Season  Extension  Program  started,  the  Soo 
Locks  operated  for  approximately  nine  months  of  each  year  from 
early  April  through  late  December.  During  the  Season  Extension 
Demonstration  Program,  the  Soo  Locks  were  kept  open  into 
February  for  the  first  three  years  (1972  to  1974)  and  for  12 
months  for  the  remaining  years  of  1975  through  1979  [1].  For 
the  1980-81  season,  operations  were  halted  on  31  December  1^80. 

The  Soo  lock  system  consists  of  four  parallel  locks, 
the  MacArthur,  Poe,  Davis,  and  Sabin  locks,  as  shown  in  Figure 
4.1.  Each  lock  has  its  own  pier  that  can  accommodate  two  or 
three  ships  in  each  queue.  In  addition  to  the  four  United 
States  locks,  an  older  lock  is  located  on  the  Canadian  side  of 
the  St.  Marys  River.  This  lock,  however,  is  small  and  shallow, 
and  is  used  primarily  by  passenger  vessels,  pleasure  craft,  and 
other  small  ships  carrying  only  a  very  small  amount  of  cargo. 
Because  of  this,  the  Canadian  lock  has  been  excluded  from  the 
analysis  of  the  Soo  Lock  capacity. 


LAMPRCY  AND  TROUT 
/  SPAWNING  ARCA 


FIGURE  4.1  SOO  LOCK  SYSTEM 
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Currently,  the  MacArthur  Lock  handles  most  of  the  down- 
bound  loaded  ships  with  an  overall  length  of  up  to  730  ft,  but 
can  accommodate  ships  up  to  767  ft  in  length  with  special  lock¬ 
ing  procedures.  The  Poe  Lock  can  process  ships  up  to  1015  ft 
in  length  with  a  beam  of  105  ft  and  currently  handles  mostly 
"1000  footers"  and  vessels  that  the  MacArthur  Lock  cannot  service. 
The  Sabin  and  Davis  Locks  are  identical  in  size  and  handle  most 
of  the  ballasted  upbound  ships  having  a  beam  of  up  to  75  ft  and 
length  of  up  to  836  ft.  Because  of  the  shallow  depth  of  both 
the  Sabin  and  Davis  Locks,  the  number  of  vessels  using  these 
locks  has  decreased  as  vessels  have  either  been  reti'-jd  or 
phased-out  of  the  fleets  which  use  the  Soo  Locks.  As  a  result, 
only  the  Sabin  or  Davis  Lock  is  usually  operated  unless  there  is 
sufficient  demand  to  warrant  the  operation  of  both  locks. 

Table  4.1  shows  the  dimensions  of  the  Soo  Locks  and  ship  size 
restrictions. 

4.2.2  Model  Validation  at  the  Soo  Locks 


In  validating  the  GL/SLS  LOCK  CAPACITY  MODEL  for  the  Soo, 
the  criterion  used  for  the  validation  was  to  compare  model  pre¬ 
dictions  based  on  transporting  the  actual  tonnage  with  actual 
Soo  conditions  in  1976  for: 

(1)  Number  of  average  daily  transits  by  month, 

(2)  Distribution  of  vessel  arrivals  by  vessel 
class  (lockage  mix), 

(3)  Ratio  of  loaded  vessel  transits  to  total 
vessel  transits. 

In  addition,  if  the  data  had  been  readily  available,  we  would 
have  also  included  comparisons  of  actual  versus  predicted  vessel 
waiting  times  and  vessel  queue  lengths  experienced  at  the  Soo. 

Of  the  three  items  listed,  the  first  two  were  considered  to  be 
of  particular  importance  because  they  directly  establish  the 
lock  capacity  in  terms  of  transits  per  day  and  tonnage  trans¬ 
ported. 


The  validation  computer  run  for  1976  was  made  for  the 
current  level  of  ship  utilization  of  80%  (ship  utilization  of 
1.0  indicates  that  the  minimum  possible  number  of  ballast  tran¬ 
sits  are  assigned,  whereas  ship  utilization  of  0.0  indicates  one 
ballast  transit  for  every  loaded  transit).  From  this  run, 
agreement  was  determined  to  be  quite  good  between  the  model 
predictions  and  the  actual  Soo  conditions  for  the  number  of 


TABLE  4.1  SOO  LOCKS  DIMENSIONS  [2,  3] 


PRINCIPAL  FEATURES 

MACARTHUR 

SABIN 

DAVIS 

POE 

Lock  width,  ft 

80 

80 

80 

no 

Maximum  ship  beam,  ft 

75 

75 

75 

105 

Length  between  mitre 
sills,  ft 

800 

1350 

1350 

1200 

Maximum  ship  length,  ft 

730* 

836 

826 

1015 

Depth  on  upper  mitre 
sill,  ft 

31 

24.3 

24.3 

32 

Depth  on  lower  mitre 
sill,  ft 

31 

23.1 

23.1 

32 

Lift,  ft 

22 

22 

22 

22 

*  767  foot  ships  permitted  with  special  handling. 


CANADIAN 

59 

900 

16.8 

16.8 

22 
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average  daily  transits  and  the  distribution  of  vessel  arrivals 
by  vessel  class.  A  summary  of  each  of  these  comparisons  is 
presented  in  Figures  4.2  and  4.3.  A  comparison  of  the  ratio  of 
loaded  to  total  vessel  transits  between  the  model  and  actual 
Soo  conditions  could  not  be  made  since  the  data  is  not  readily 
available.  We  would,  however,  expect  the  model  to  predict  a 
lower  ratio  of  loaded  to  total  transits  than  actual  conditions, 
similar  to  that  found  for  the  St.  Lawrence  and  Welland.  However, 
we  would  expect  the  difference  to  be  less  for  the  Soo,  since 
vessels  transiting  the  Soo  tend  to  operate  at  closer  to  their 
carrying  capacity  than  the  typical  vessel  at  the  Welland  or 
St.  Lawrence. 


4.3  Welland  Canal  Lock  System 

4.3.1  Brief  Description  of  the  Welland  Canal  Locks 

The  Welland  Canal,  shown  in  Figure  4.4,  is  located 
approximately  20  miles  west  of  the  Niagara  River  and  connects 
Lake  Erie  to  Lake  Ontario.  The  canal  contains  eight  locks  over 
a  distance  of  27  miles  that  provide  a  lift  of  326  feet  between 
Lake  Ontario  and  Lake  Erie.  Of  the  eight  locks.  Locks  1  through 
7  are  lift  locks,  while  Lock  8  is  primarily  a  guard  lock.  Locks 
],  2,  3,  and  8  are  single  locks  that  handle  both  upbound  and  down- 
bound  traffic.  Locks  4,  5,  and  6,  called  "flights"  because  they 
resemble  stairs,  lift  ships  a  total  of  135  feet  over  the  Niagara 
Escarpment.  These  locks  are  twinned  permitting  parallel  traffic, 
but  each  set  of  three  locks  is  essentially  a  sii.gle  lock  system 
because  once  a  ship  enters  it  must  be  locked  all  the  way  through 
the  three  before  the  next  ship  is  serviced.  Lock  7  is  considered 
to  be  the  most  constraining  lock  in  the  system  because  of  its 
longer  locking  time  and  because  of  its  somewhat  curving  channel 
located  only  about  1800  feet  away  from  the  flights.  Table  4.2 
shows  the  lock  dimensions  and  the  maximum  ship  size. 

4.3.2  Model  Validation  at  the  Welland  Locks 

In  validating  the  GL/SLS  LOCK  CAPACITY  MODEL  for  the 
Welland,  the  criterion  used  for  validation  was  to  compare  model 
predictions  based  on  transporting  of  the  actual  tonnage  with 
actual  Welland  conditions  in  1976  for: 

(1)  Number  of  average  daily  transits  by  month, 


(2)  Distribution  of  vessel  arrivals  by  vessel 
class  (lockage  mix),  and 


AVQ  y3d  SilSNVyi 


FIGURE  4.3  PERCENT  VESSEL  TRANSITS  BY  VESSEL  CLASS  AT  THE  SOO  LOCKS  FOR  JUNE  1976 


WELLAND  CANAL  AND  LOCKS 


TABLE  4.2  WELLAND  CANAL  LOCKS  DIMENSIONS  [4] 


LOCK 

LENGTH 

(ft) 

WIDTH 

(ft) 

DEPTH  OVER  SILLS 

_ (ftl_  ___ 

LIFT 

(ft) 

All  Locks 

766^ 

80 

30 

46.5^ 

Maximum 

Ship  Size 

730 

76 

25.5  (draft)** 

Lock  1 

865^ 

Lock  2-7 

859^ 

Guard  Lock  8 

1380  2 

Notes : 

1.  Breast  wall  to  gate  fender. 

2.  Center  to  center  of  inner  gate  pintles. 

3.  Lift  for  Locks  1  to  7;  variable  lift  for  Lock  8,  normally 
less  than  3  ft. 

4.  Draft  at  low  water  datum. 


(3)  Ratio  of  loaded  vessel  transits  to  total 
vessel  transits. 

In  addition,  if  the  data  had  been  readily  available,  we  would 
have  also  included  comparisons  of  actual  versus  predicted  vessel 
waiting  times  and  vessel  queue  lengths  experienced  on  the  Welland. 
Of  the  three  items  listed,  the  first  two  were  considered  to  be  of 
particular  importance  because  they  directly  establish  the  lock 
capacity  in  terms  of  transits  per  day  and  tonnage  transported. 

The  validation  computer  run  for  1976  was  made  with  a  ship 
utilization  of  70%  (ship  utilization  of  1.0  indicates  that  the 
minimum  possible  number  of  ballast  transits  are  assigned,  whereas 
ship  utilization  of  0.0  indicates  one  ballast  transit  for  every 
loaded  transit).  From  this  run,  agreement  was  determined  to  be 
quite  good  between  model  predictions  and  the  actual  Welland  con¬ 
ditions  for  the  number  of  average  daily  transits  and  the  distri¬ 
bution  of  vessel  arrivals  by  vessel  class.  A  summary  of  each  of 
these  comparisons  is  presented  in  Figures  4.5  and  4.6.  Comparing 
the  ratio  of  loaded  to  total  vessel  transits,  the  agreement,  as 
shown  below,  is  not  quite  as  good. 

RATIO  OF  LOADED  TO  TOTAL  VESSEL  TRANSITS 

ACTUAL  COMPUTED 

Upbound  63%  49% 

Downbound  90%  84% 

This  discrepancy  between  the  model  predictions  and  actual  con¬ 
ditions  is  due,  we  believe,  primarily  to  the  fact  that  all  ship 
transits  in  the  model  are  either  carrying  a  full  load  of  cargo  or 
are  in  ballast,  whereas  in  reality  many  vessels  transiting  the 
Welland  are  transporting  less  than  a  full  load;  that  is,  they 
are  operating  at  50%  to  75%  of  full  load.  While  this  agreement 
is  not  as  good  as  we  would  like  for  the  validation  year  (1976),  we 
resisted  decreasing  the  carrying  capacity  of  each  class  of  vessel, 
which  would  have  increased  the  predicted  ratio.  Looking  ahead 
towards  the  capacity  conditions  at  the  Welland,  vessels  will 
most  likely  be  operated  at  closer  to  their  carrying  capacity 
conditions  than  they  currently  are. 


4.4  St.  Lawrence  River  Lock  System 

4.4.1  Brief  Description  of  St.  Lawrence  River  Locks 

The  St.  Lawrence  River  connects  Lake  Ontario  to  the  Gulf 
of  St.  Lawrence.  The  St.  Lawrence  System,  shown  in  Figure  4.7, 
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PERCENT  VESSEL  TRANSITS  BY  VESSEL  CLASS 
AT  WELLAND  CANAL  FOR  1976 


BAIE-COMEAU 


FIGURE  4.7  THE  ST.  LAWRENCE  RIVER  AND  LOCKS 


extends  approximately  190  miles  from  St.  Lambert  Lock  at  Montreal 
to  Kingston,  Ontario,  on  Lake  Ontario. 

The  System  was  created  by  excavation  of  channels  to  a  depth 
of  27  feet,  permitting  the  transit  of  vessels  drawing  25.5  feet 
with  water  levels  at  low  water  datum,  and  the  construction  of 
seven  single  locks  to  by-pass  certain  rapid  sections  of  the  river. 
Of  the  seven  locks,  two  are  operated  by  the  United  States;  the 
Snell  and  Eisenhower  Locks  located  near  Massena,  New  York. 

Five  locks  are  operated  by  Canada;  the  St.  Lambert  and  Cote 
Ste.  Catherine  Locks  located  near  Montreal,  the  Upper  and  Lower 
Beauharnois  Locks  located  in  the  Beauharnois  Power  Canal,  and 
the  Iroquois  Lock  located  at  Iroquois,  Ontario. 

The  major  constraint  to  traffic  is  generally  considered 
to  be  the  Beauharnois  Locks.  These  locks  are  relatively  close 
together  and  provide  no  waiting  area  for  vessels  between  the 
locks.  In  addition,  during  the  peak  summer  months,  the  Beau¬ 
harnois  Locks  experience  more  transits  by  pleasure  craft  than 
any  other  locks  due  to  travel  to  and  from  Montreal . 

All  seven  locks  are  similar  in  size  and  all  are  capable  of 
locking  a  ship  that  has  a  length  of  730  feet  and  a  beam  of  76  feet. 
Table  4.3  shows  the  detailed  lock  dimensions  and  ship  capacity. 

4.4.2  Model  Validation  at  the  St.  Lawrence  River  Locks 


In  validating  the  GL/SLS  LOCK  CAPACITY  MODEL  for  the  St. 
Lawrence,  the  criterion  used  for  validation  was  to  compare  model 
predictions  based  on  transporting  the  actual  tonnage  with  actual 
St.  Lawrence  conditions  in  1976  for; 

(1)  Number  of  average  daily  transits  by  month, 

(2)  Distribution  of  vessel  arrivals  by  vessel 
class  (lockage  mix) , 

(3)  Ratio  of  loaded  vessel  transits  to  total 
vessel  transits. 

In  addition,  if  the  data  had  been  readily  available,  we  would 
have  also  included  comparisons  of  actual  versus  predicted  vessel 
waiting  times  and  vessel  queue  lengths  experienced  at  the  St. 
Lawrence.  Of  the  three  items  listed,  the  first  two  were  con¬ 
sidered  to  be  of  particular  importance  because  they  directly 
establish  the  lock  capacity  in  terms  of  transits  per  day  and 
tonnage  transported. 
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TABLE  4.3  ST.  LAWRENCE  RIVER  LOCK  DIMENSIONS  [5] 


Length,  breast  wall  to  gate  fender .  766  feet 

Width . 80  feet 

Depth  over  sills . 30  feet 

Ships  may  not  exceed  730  feet  in  overall  length  or 
76  feet  in  maximum  beam 

Locks: 

St.  Lambert . 13  to  22  feet 

Cote  Ste.  Catherine . 28  to  37  feet 

Lower  Beauharnois . 38  to  42  feet 

Upper  Beauharnois . 36  to  40  feet 

Snell . 45  to  49  feet 

Eisenhower . 38  to  42  feet 

Iroquois . 0.5  to  6  feet 
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The  validation  computer  run  for  1976  was  made  with  a  ship 
utilization  of  70%  (ship  utilization  of  1.0  indicates  that  the 
maximum  possible  number  of  ballast  transits  are  assigned,  whereas 
ship  utilization  of  0.0  indicates  one  ballast  transit  for  every 
loaded  transit).  From  this  run,  agreement  was  determined  to  be 
quite  good  between  the  model  predictions  and  the  actual  St. 
Lawrence  conditions  for  the  number  of  average  daily  transits  and 
the  distribution  of  vessel  arrivals  by  vessel  class.  A  summary 
of  each  of  these  comparisons  is  presented  in  Figures  4.8  and 
4.9.  Comparing  the  ratio  of  loaded  to  total  vessel  transits, 
the  agreement  is  not  quite  as  good. 

RATIO  OF  LOADED  TO  TOTAL  VESSEL  TRANSITS 

ACTUAL  COMPUTED 

Upbound  82%  59% 

Downbound  82%  70% 

The  discrepancy  between  the  model  predictions  and  actual 
conditions  is  due,  we  believe,  primarily  to  the  fact  that  all 
ship  transits  in  the  model  are  either  carrying  a  full  load  of 
cargo  or  are  in  ballast,  whereas  in  reality  many  vessels  tran¬ 
siting  the  St.  Lawrence  are  transporting  less  than  a  full  load; 
that  is,  they  are  operating  at  50%  to  75%  of  full  load.  While 
this  agreement  is  not  as  good  as  we  would  like  for  the  vali¬ 
dation  year  of  1976,  we  resisted  decreasing  the  carrying  capa¬ 
city  of  each  class  of  vessel,  which  would  have  increased  the 
predicted  ratio.  Looking  ahead  towards  the  capacity  condition 
at  the  St.  Lawrence,  vessels  will  most  likely  be  operated  at 
closer  to  their  carrying  capacity  conditions  than  they  currently 
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5.  CAPACITY  ANALYSIS  BASE  CASE 


5 . ]  Introduction 

A  capacity  analysis  of  the  existing  facilities,  or  base 
case,  was  performed  as  a  first  step  in  determining  the  feasi¬ 
bility  of  expanding  the  capacity  of  the  Great  Lakes/St.  Law¬ 
rence  Seaway  System.  This  analysis  provides  a  basis  against 
which  system  capacity  expansion  measures  may  be  tested. 

The  GL/SLS  System  has  a  guaranteed  ship  draft  at  low 
water  datum  of  25.5  feet.  Over  the  past  several  years  water 
levels  in  the  Great  Lakes  have  been  significantly  higher  than 
the  low  water  datum,  allowing  ships  to  operate  at  drafts  of  up 
to  25  feet  through  the  Welland  Canal  and  St.  Lawrence  River  and 
27  feet  through  the  Upper  Lakes.  This  increased  draft  allowed 
ships  to  carry  more  cargo,  increasing  the  tonnage  capacity  of  the 
GL/SLS  System  at  no  cost. 

Historically,  water  levels  in  the  Great  Lakes  have 
fluctuated  in  a  cyclic  process  over  periods  of  decades.  There¬ 
fore,  the  present  high  water  levels  cannot  be  assumed  to  exist 
throughout  the  next  seventy  years.  For  this  reason,  two  base 
case  analyses  were  run.  The  first  base  case  simulated  the  pre¬ 
sent  system  conditions  with  high  water  levels  and  determined 
capacity  assuming  these  conditions  continue  to  exist.  The  assumed 
drafts  were  26  feet  in  the  St.  Lawrence  River  and  Welland  Canal 
and  27  feet  through  the  Upper  Lakes.  The  second  base  case  simu¬ 
lated  the  system  using  the  guaranteed  ship  draft  of  25.5  feet. 

This  second  base  case  must  be  used  in  this  expansion  feasibility 
analysis  because  25.5  feet  is  the  only  system  draft  that  may  be 
reasonably  assumed  to  exist  until  the  year  2050. 


5.2  Cargo  Projections 

Unconstrained  cargo  forecasts  for  the  movement  of  fifteen 
commodities  through  the  GL/SLS  locks  were  developed  by  Booz-Allen 
and  Hamilton  [6].  These  fifteen  cotmodi ties  were  grouped  into 
six  major  commodity  categories  for  use  in  the  lock  capacity  model 
as  shown  in  Table  1 . 

’  .1  ^ , 

In  gen'sraU  the  tonnages  processed  by  the  locks  are  expec¬ 
ted  to  i ncrea®^>throughout  the  period  from  1978  through  2050  as 
shown  in  Figure'  5.1.  The  Soo  Locks  will  see  the  largest  overall 
increase,  witrf,  downbound  tonnages  increasing  from  97,195,000 
short  tons  in  1978  to  246,208,000  short  tons  in  2050,  but  a 
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TABLE  5.1  CARGO  COMMODITIES 


COMMODITY  CATEGORY 

INDIVIDUAL  COMMODITIES 

Grain 

Wheat,  Soy  Beans,  Barley  and  Rye,  Corn 
Oil  Seeds 

Stone 

Limestone 

Iron  Ore 

Iron  Ore 

Coal 

Coal 

Other  Bulk 

Raw  Materials,  Petroleum  Products, 
Cement,  Non-Metal  Minerals,  Dry  Bulk 

General  Cargo 

General  Cargo,  Steel  Products 
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fairly  steady  rise  is  predicted  for  all  of  the  locks  during  that 
period  of  time.  Tonnages  are  projected  to  rise  approximately 
1.3%  per  year  downbound  and  1.3%  per  year  upbound  at  the  Soo 
Locks,  1.0%  per  year  downbound  and  1.5%  per  year  upbound  at  the 
Welland  Canal,  and  1.2%  per  year  downbound  and  1.4%  per  year 
upbound  at  the  St.  Lawrence  River  Locks. 

At  the  Soo  Locks,  more  than  90%  of  the  cargo  moves  down- 
bound.  This  percentage  is  expected  to  remain  constant  through 
2050.  At  the  Welland  Canal,  approximately  71%  of  the  cargo 
moves  downbound.  This  percentage  is  projected  to  decrease  to 
approximately  63%  over  the  next  70  years.  At  the  St.  Lawrence 
River,  approximately  58%  of  the  cargo  moves  downbound.  This 
percentage  is  projected  to  drop  slightly  to  54%  by  the  year  2050. 

The  cargo  projections  for  each  of  the  six  commodity  cate¬ 
gories  are  discussed  in  the  following  paragraphs. 

5.2.1  Iron  Ore 

Iron  ore  comprises  the  largest  single  commodity  through 
the  Soo  Locks,  equaling  approximately  63%  of  the  total  tonnage. 
This  ratio  should  remain  constant  because  iron  ore  through  the 
Soo  is  projected  to  increase  approximately  1.3%  per  year  from 
67,877,000  short  tons  in  1978  to  168,533,000  short  tons  in  2050. 
More  than  99%  of  the  iron  ore  through  the  Soo  moves  downbound. 
This  ratio  is  expected  to  remain  constant. 

Iron  ore  is  the  second  largest  comnodity  moving  through 
the  Welland  Canal,  comprising  approximately  23%  of  the  total 
tonnage.  Iron  ore  tonnages  are  expected  to  increase  approximately 
1.1%  per  year  from  16,138,000  short  tons  in  1978  to  36,123,000 
short  tons  in  2050.  Currently,  approximately  70%  of  the  iron  ore 
moves  upbound  at  the  Welland.  This  ratio  is  expected  to  increase 
to  78%  by  2050. 

Iron  ore  is  the  second  largest  commodity  group  moving 
through  the  St.  Lawrence  River  Locks,  and  is  approximately  23% 
of  the  total  tonnage.  This  percentage  will  remain  constant 
since  iron  ore  is  expected  to  increase  approximately  1.2%  per 
year  from  13,836,000  short  tons  in  1978  to  33,016,000  short  tons 
in  2050.  All  of  the  iron  ore  through  the  St.  Lawrence  River 
moves  upbound.  The  forecasts  for  iron  ore  are  shown  in  Figure 
5.2. 
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FIGURE  5.2  CARGO  PROJECTIONS  FOR  IRON  ORE 


5.2.2  Coal 


Coal  is  the  third  largest  commodity  moving  through  the 
Soo  Locks,  presently  comprising  approximately  1%  of  the  total 
cargo  flow.  Downbound  coal  through  the  Soo  Locks  is  projected 
to  increase  at  a  rate  of  6.2%  per  year  from  2,846,000  short  tons 
in  1978  to  19,749,000  short  tons  in  2010.  This  will  be  followed 
by  a  period  of  almost  no  growth  through  2050.  Upbound  coal  is 
expected  to  increase  at  a  fairly  even  rate  of  1.1%  per  year 
from  4,817,000  short  tons  in  1978  to  10,939,000  short  tons  in 
2050.  In  2050,  coal  is  predicted  to  comprise  approximately  11% 
of  the  traffic  at  the  Soo.  Presently,  approximately  37%  of  the 
coal  moves  downbound.  In  2010  the  percentage  of  coal  moving 
downbound  will  be  75%  of  the  total  coal  movement.  By  2050,  the 
percentage  will  drop  to  62%. 

Coal  presently  accounts  for  9%  of  the  total  tonnage  at 
the  Welland  Canal.  Virtually  no  growth  is  expected  for  coal  at 
the  Welland,  with  the  tonnage  remaining  approximately  5,700,000 
short  tons.  By  2050  coal  will  comprise  approximately  4%  of  the 
Welland  total.  All  of  the  coal  moving  through  the  Welland  Canal 
moves  downbound. 

Coal  accounts  for  approximately  2%  of  the  tonnage  pro¬ 
cessed  by  the  St.  Lawrence  River  Locks.  Coal  through  these 
locks  is  predicted  to  increase  at  a  rate  of  1%  per  year,  from 
1,004,000  short  tons  in  1978  to  2,088,000  short  tons  in  2050. 

By  2050  coal  will  make  up  approximately  1%  of  the  St.  Lawrence 
River  Locks  total.  More  than  99%  of  the  St.  Lawrence  River  coal 
moves  upbound.  The  coal  projections  are  illustrated  on  Figure 
5.3. 

5.2.3  Stone 


Stone  includes  approximately  2%  of  the  total  tonnage 
through  the  Soo  Locks.  Stone  tonnages  are  predicted  to  increase 
at  a  rate  of  approximately  1.3%  per  year  from  1,995,000  short  tons 
in  1978  to  4,955,000  short  tons  in  2050.  All  of  the  stone  move¬ 
ment  at  the  Soo  Locks  is  upbound. 

The  stone  estimates  for  the  Welland  Canal  and  the  St. 
Lawrence  River  Locks  are  the  same.  Stone  accounts  for  less  than 
1%  of  the  total  tonnages  through  both  systems.  Stone  tonnages 
are  expected  to  increase  1.3%  per  year,  from  156,000  short  tons 
in  1978  to  390,000  short  tons  in  2050,  for  both  systems. 
Approximately  70%  of  the  stone  through  the  Welland  and  the  St. 
Lawrence  Locks  moves  downbound.  Stone  projections  are  illus¬ 
trated  in  Figure  5.4. 
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5.2.4  Grain 


Grain  is  the  second  largest  commodity  category  to  go 
through  the  Soo  Locks.  Grain  accounts  for  approximately  22%  of 
the  tonnage  through  the  Soo.  Grain  is  expected  to  increase 
3.2%  per  year  from  23,856,000  short  tons  in  1978  to  34,885,000 
short  tons  in  1990,  level  off  with  0.1%  per  year  growth  through 
2000  to  35,279,000  short  tons,  and  then  increase  0.8%  per  year 
to  52,416,000  short  tons  in  2050.  By  2050,  grain  will  drop  to 
19%  of  the  total  Soo  tonnage.  All  grain  through  the  Soo  is 
down bound. 


Grain  is  the  largest  commodity  category  passing  through 
the  Welland  Canal,  consisting  of  44%  of  the  total  tonnage.  Grain 
flows  through  the  Welland  Canal  are  projected  to  increase  2.2% 
per  year  until  1990,  from  29,761,000  short  tons  in  1978  to 
38,716,000  short  tons  in  1990,  followed  by  an  increase  of  0.4% 
per  year  to  40,388,000  short  tons  in  2000,  then  an  increase  of 
0.8%  per  year  from  2000  to  2050  for  a  total  of  59,707,000  short 
tons.  By  2050  grain  will  drop  to  38%  of  the  total  Welland  Canal 
tonnage.  More  than  99%  of  all  grain  through  the  Welland  Canal 
moves  downbound. 

Grain  is  the  largest  commodity  category  processed  by  the 
St.  Lawrence  River  Locks,  consisting  of  47%  of  the  total  tonnage. 
The  growth  pattern  for  grain  in  the  St.  Lawrence  River  is  expected 
to  be  similar  to  that  of  the  Welland  and  the  Soo,  rising  2.2%  per 
year  from  28,745,000  short  tons  in  1978  to  37,296,000  short  tons 
in  1990,  then  0.4%  per  year  to  38,815,000  short  tons  in  2000, 
followed  by  0.8%  per  year  to  57,390,000  short  tons  in  2050. 

More  than  99%  of  the  grain  through  the  St.  Lawrence  River  moves 
downbound.  Grain  projections  are  shown  in  Figure  5.5. 

5.2.5  Other  Bulk 


Other  bulk  accounts  for  4%  of  the  tonnage  processed  by 
the  Soo  Locks.  Other  bulk  is  forecast  to  increase  1.5%  per  year 
downbound,  from  1,961,000  short  tons  in  1978  to  5,804,000  short 
tons  in  2050,  and  1.6%  per  year  upbound,  from  2,476,000  short 
tons  in  1978  to  8,017,000  short  tons  in  2050.  By  2050  other 
bulk  will  comprise  5%  of  the  total  Soo  tonnage.  Approximately 
57%  of  the  other  bulk  transiting  the  Soo  Locks  moves  upbound. 

Other  bulk  includes  approximately  15%  of  the  total 
tonnage  through  the  Welland  Canal.  Other  bulk  is  expected  to 
increase  1.6%  per  year  downbound  from  6,333,000  short  tons  in 
1978  to  20,466,000  short  tons  in  2050,  and  1.1%  per  year  upbound 
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FIGURE  5.5  CARGO  PROJECTIONS  FOR  GRAIN 


from  3,863,000  short  tons  in  1978  to  8,620,000  short  tons  in 
2050.  By  2050  other  bulk  will  be  19%  of  the  total  tonnage 
through  the  Welland  Canal.  In  1978,  62%  of  the  other  bulk  moved 
downbound  through  the  Welland  Canal.  By  2050  this  ratio  is 
expected  to  be  70%  of  the  total . 

Other  bulk  accounts  for  approximately  18%  of  the  total 
tonnage  through  the  St.  Lawrence  River  Locks.  Other  bulk  is 
predicted  to  increase  1.7%  per  year  downbound  from  5,501,000 
short  tons  in  1978  to  18,916,000  short  tons  in  2050,  and  0.8% 
per  year  upbound  from  5,302,000  short  tons  in  1978  to  9,420,000 
short  tons  in  2050.  By  2050  other  bulk  is  expected  to  be  19% 
of  the  St.  Lawrence  River  tonnage.  In  1978,  51%  of  the  other 
’bulk  moved  downbound  in  the  St.  Lawrence  River  which  is  expected 
to  increase  to  67%  by  2050.  Other  bulk  estimates  are  illus¬ 
trated  in  Figure  5.6. 

5.2.6  General  Cargo 

General  cargo  is  the  smallest  commodity  category  moving 
through  the  Soo  Locks  and  accounts  for  approximately  1%  of  the 
total  tonnage.  General  cargo  is  projected  to  increase  approx¬ 
imately  1.1%  per  year  from  833,000  short  tons  downbound  and 
736,000  short  tons  upbound  in  1978,  to  1,848,000  short  tons 
downbound  and  1,651,000  short  tons  upbound  in  2050,  remaining 
approximately  1%  of  the  total  projected  tonnage.  Approximately 
53%  of  the  general  cargo  forecast  to  transit  the  lock  through 
2050  will  move  downbound. 

General  cargo  makes  up  approximately  9%  of  the  tonnage 
processed  by  the  Welland  Canal.  Upbound  general  cargo  is  pro¬ 
jected  to  increase  at  a  fluctuating  rate  from  4,793,000  short 
tons  in  1978  to  9,069,000  short  tons  in  2020,  followed  by  an 
increase  of  2.9%  per  year  to  21,118,000  short  tons  in  2050. 
Downbound  general  cargo  is  estimated  to  increase  approximately 
1.5%  per  year  from  1,114,000  short  tons  in  1978  to  3,166,000 
short  tons  in  2050.  By  2050  general  cargo  is  expected  to  be  16% 
of  the  cargo  processed  by  the  Welland  Canal.  In  1978  approx¬ 
imately  81%  of  the  general  cargo  moved  upbound  and  by  2050, 

87%  is  projected  to  move  upbound  at  the  Welland  Canal. 

In  1978  general  cargo  included  11%  of  the  total  cargo 
moving  through  the  St.  Lawrence  River  Locks.  The  increase  in 
upbound  general  cargo  through  the  St.  Lawrence  River  Locks  is 
expected  to  fluctuate  from  5,591,000  short  tons  in  1978  to 
10,648,000  short  tons  in  2020,  a  90.4%  increase,  followed  by  an 
increase  of  2.7%  per  year  to  23,822,000  short  tons  in  2050. 
Downbound  general  cargo  is  projected  to  increase  at  a  rate  of 
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1,6%  per  year  from  1,312,000  short  tons  in  1978  to  4,199,000 
short  tons  in  2050.  In  2050  general  cargo  is  expected  to  amount 
to  19%  of  the  tonnage  processed  by  the  St.  Lawrence  River  Locks. 
In  1978  approximately  81%  of  the  general  cargo  through  the  St. 
Lawrence  River  Locks  moved  upbound.  By  2050  approximately  85% 
of  the  general  cargo  is  projected  to  move  upbound.  The  predic¬ 
tions  for  general  cargo  are  shown  on  Figure  5,7. 


5.3  Lockage  Time 

5.3.1  Brief  Description  of  the  Locking  Process 

Locks  were  placed  on  the  Great  Lakes/St.  Lawrence  Seaway 
System  to  allow  passage  of  vessels  where  the  natural  conditions 
of  rapids  and  water  falls  made  navigation  impossible.  The  locks 
allow  navigation  through  the  waterways  while  maintaining  rela¬ 
tively  large  differences  in  water  level  between  the  upstream 
and  downstream  sides  of  the  lock.  The  locks  also  allow  for  the 
installation  and  operation  of  several  hydroelectric  power 
generating  stations  without  preventing  vessel  use  of  the  System. 

Vessels  using  the  locks  on  the  GL/SLS  System  range  in  type 
and  size  from  pleasure  craft  as  small  as  20  ft  long  to  ocean 
and  lake  carriers  730  ft  long  and  76  ft  wide  in  the  St.  Lawrence 
River  Locks,  up  to  laker  carriers  1,000  feet  long  and  105  ft 
wide  at  the  Soo  Locks.  The  details  of  the  locking  process  will 
vary  depending  on  the  type  and  size  of  the  vessel,  weather  con¬ 
ditions  and  lockage  demand,  and  on  the  individual  lock  charac¬ 
teristics;  however,  the  general  locking  process  remains  the  same. 

A  basic  lock  operating  cycle  is  illustrated  in  Figure 
5.8.  When  a  vessel  reaches  a  lock  approach,  it  will  either  be 
told  by  the  lockmaster  to  proceed  into  the  lock  or  to  moor 
alongside  the  approach  wall  until  permission  is  received  to  enter 
the  lock.  The  vessel  must  wait  if  the  lock  is  occupied,  if  the 
lock  is  being  recycled  (turn  back),  or  if  there  are  other  vessels 
waiting  first. 

After  being  given  the  go-ahead,  the  vessel  will  proceed 
into  the  lock  at  a  safe  rate  of  speed  as  instructed  by  the  lock- 
master,  and  as  dictated  by  the  locking  procedures  for  that 
particular  lock.  When  the  vessel  has  entered  the  lock,  it  will 
be  moored.  One  or  more  vessels  may  be  brought  into  the  lock 
if  vessel  sizes  permit  a  tandem  or  multiple  vessel  lockage.  Once 
the  vessel (s)  are  in  place,  the  rearward  gates  of  the  lock  will 
be  closed.  The  required  valves  will  be  opened  and  the  chamber 
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STEP  1;  VESSEL  ENTERING  THE  LOCK 


STEP  2;  FILLING  OF  THE  LOCK 


STEP  3;  VESSEL  LEAVING  THE  LOCK 


FIGURE  5.8  BASIC  LOCKING  PROCESS 


win  be  emptied  (dumped)  or  filled  depending  on  whether  the 
vessel  is  transiting  from  higher  or  lower,  or  lower  to  higher 
water.  This  process  is  called  chambering.  When  the  new  water 
level  has  been  reached,  the  forward  gates  will  be  opened,  the 
mooring  lines  will  be  cast  off,  and  the  vessel (s)  will  proceed 
out  of  the  lock. 

5.3.2  Selection  of  Lockage  Times 

The  time  required  to  process  a  vessel  through  a  lock 
(locking  time)  can  be  broken  down  into  a  small  or  large  number 
of  components.  One  of  the  more  elementary  breakdowns  consists 
of  three  components  as  follows: 

Entrance  Time  -  time  from  vessel  arrival  to  vessel 
mooring  inside  the  lock; 

Chambering  Time  -  time  required  to  close  the  rear¬ 
ward  gate,  empty  or  fill  the  lock, 
and  open  the  forward  gates; 

Exit  Time  -  time  from  completion  of  chambering 
until  the  lock  is  ready  to  accept 
another  vessel . 

The  length  of  the  locking  time  is  dependent  upon  individual 
lock  characteristics,  vessel  characteristics,  the  preceding  lock 
cycle,  weather  conditions,  level  of  traffic,  and  equipment  fail¬ 
ures  . 


The  lock  characteristics  mainly  affect  chambering  time. 
Gate  opening  and  closing  times  are  basically  functions  of  the 
operating  machinery.  Dump/fill  times  are  functions  of  the  size 
of  the  chamber  and  the  lock  culverts.  In  general,  differences 
in  chambering  time  because  of  differences  between  lock  designs 
are  negligible. 

Vessel  characteristics  will  have  no  affect  on  dump/fill 
times  because  the  amount  of  water  which  must  be  moved  into  or 
out  of  the  lock  is  independent  of  ship  size.  However,  large 
vessels,  especially  those  approaching  maximum  vessel  size  for 
the  lock,  have  large  entrance  and  exit  times.  The  larger  ships 
must  move  slower  and  require  extra  maneuvering  time  in  order  to 
safely  enter  and  exit  the  lock  and  clear  other  vessels. 

During  periods  of  equal  amounts  of  upbound  and  downbound 
traffic,  vessels  can  be  locked  "on  the  fly".  That  is  to  say, 
vessels  are  locked  in  alternate  upbound  and  downbound  directions. 
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eliminating  the  need  for  turnback  lockages.  When  traffic  is 
primarily  in  one  direction,  turn-back  lockages  are  required. 

After  a  vessel  is  locked  through,  the  gates  must  be  turned 

back  so  that  the  next  vessel  can  be  taken  from  the  same  direction. 

Adverse  weather  conditions  may  increase  locking  times 
or  cause  shutdown  of  the  locks  altogether.  During  early  or  late 
season  operations,  large  accumulations  of  ice  in  the  lock  and 
lock  throat  may  require  separate  ice  lockages.  Fog  may  cause 
lock  shutdown  because  of  visibility  problems.  High  winds  may 
make  vessels  with  large  broadside  areas  unmanageable,  causing 
them  to  be  temporarily  prohibited  from  using  the  lock. 

Maintenance  schedules  have  been  arranged  to  minimize  their 
impact  on  locking  times;  however,  temporary  delays  may  still 
occur  because  of  equipment  failure.  The  rate  of  these  failures 
increases  when  the  navigation  season  is  extended  into  winter 
operations. 

Looking  at  the  breakdown  of  locking  time  in  more  detail, 
the  lock  service  time  {t„)  for  normal  season  operations  can  be 
expressed  as: 


=  time  required  to  lock  a  ship  (min) 

t  .  =  time  for  a  ship  to  move  from  clear  point  to 

appro  c  point  where  bow  is  over  entrance  sill  (min) 

t  ^  =  time  from  point  of  bow  over  sill  to  point  where 

entrance  gates  can  close  (min) 

*gate  closing  ”  ®^'*^'"3nce  gates  to  close  (min) 
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time  for  a  ship  to  secure  (min) 

time  for  lock  to  dump  or  fill  (min) 

time  for  exit  gates  to  open  (min) 

time  for  a  ship  to  unsecure  (min) 

time  for  stern  of  ship  to  pass  over  exit 
sill  (min) 

time  for  ship  to  move  from  its  stern  over  sill 
to  when  the  ship  has  passed  the  exit  clear 
point  and  another  ship  can  begin  the  locking 
process  from  the  other  direction. 

It  would  be  desirable  to  have  a  large  data  base  for 
locking  time  components  that  could  then  be  analyzed  to  determine 
a  mean  and  frequency  distribution  for  each  component.  In 
reality,  this  data  does  not  exist  for  any  system  other  than  the 
Welland  Canal.  In  order  to  obtain  the  required  time  component 
data  for  each  of  the  three  lock  systems,  the  following  approach 
was  taken. 

Welland  Locks:  The  St.  Lawrence  Seaway  Authority  (SLSA) 
has  done  a  significant  amount  of  lock  record  analysis  to  generate 
mean  locking  times  and  the  associated  standard  deviation  by  vessel 
class  and  direction.  The  results  of  that  analysis  for  one  full 
year  of  lock  records  is  presented  in  Tables  5.2  and  5.3.  Based 
on  conversations  with  SLSA  personnel,  the  comment  was  made 
several  times  that  while  this  was  the  best  data  available,  they 
felt  they  needed  more  than  a  full  year  of  data  to  have  a  statis¬ 
tically  significant  data  base.  In  summary,  based  on  their 
analysis.  Lock  7  was  found  to  be  the  most  constraining  lock  in 
terms  of  locking  time,  while  Locks  1,  2,  and  3  all  had  almost 
the  same  locking  time  (approximately  5  to  7  minutes  less  than 
that  at  Lock  7),  and  the  total  locking  time  at  the  flight  locks 
(Locks  4,  5,  and  6)  was  approximately  30  to  35  minutes  depending 
on  the  ship  class. 

St.  Lawrence  River  Locks:  At  the  St.  Lawrence  Locks, 
data  on  locking  times  are  not  as  complete  and  detailed  as  that 
available  for  the  Welland.  Following  the  recommendation  of  the 
SLSA  and  SLSDC  personnel,  the  locking  times  of  the  St.  Lawrence 
Locks  are  assumed  to  be  the  same  as  those  of  the  non-constraining 
locks  (Locks  1,  2,  and  3)  in  the  Welland  Canal.  The  percent  dif¬ 
ference  between  constraining  and  non-constraining  locking  times 


4- 

"securing 
*dump/fi 1 1 
“'gate  opening 
‘'unsecuring 
^chamber  exit 

^throat  exit 


5-18 


TABLE  5.3  LOCK  TIMES  FOR  THE  WELLAND  CANAL  NONCONSTRAINING  LOCKS 


was  assumed  to  be  the  same  at  the  Welland  and  at  the  St.  Lawrence 
River,  allowing  determination  of  the  St.  Lawrence  River  non-con¬ 
straining  locking  times,  A  summary  of  the  locking  time  data 
for  the  St.  Lawrence  Locks  is  presented  in  Tables  5.4  and  5.5. 

Soo  Locks:  Similar  to  the  St.  Lawrence  situation,  data 
on  locking  times  at  the  Soo  are  not  as  complete  and  detailed 
as  that  available  for  the  Welland.  At  the  Soo,  the  only  locking 
time  data  collected  are  the  time  from  when  the  bow  passes  over 
the  entrance  sill  until  when  the  stern  passes  over  the  exit  sill. 
Data  on  entrance  and  exit  times  are  not  available.  In  order  to 
estimate  these  entrance  and  exit  times,  conversations  were 
held  with  the  lock  operators  to  determine  where  the  clearing 
points  were  defined,  and  what  practical  assumptions  could  be  made 
in  order  to  obtain  the  data  needed.  Based  on  those  discussions, 
it  was  decided  to  estimate  the  entrance  and  exit  times  by 
assuming  that  the  average  speed  of  advance  of  vessels  entering 
the  lock  is  approximately  1.0  mph,  and  the  average  speed  of 
advance  of  vessels  leaving  the  lock  is  approximately  2.0  mph. 
Using  this  approach,  along  with  locking  data  from  the  Sabin- 
Davis  Lock  Model  and  data  gathered  by  Penn  State  at  the  Soo,  the 
locking  time  data,  presented  in  Tables  5.6  and  5.7,  were  derived. 


\ 


5.4  Fleet  Mix 

5.4.1  Significance  of  Fleet  Mix  Determination 

The  Great  Lakes/St.  Lawrence  Seaway  System  services  lake- 
bound  ships  (lakers)  and  oceangoing  ships  (salties).  The  number, 
size  (or  vessel  class),  and  carrying  capacity  of  the  ships  that 
operate  on  the  GL/SLS  System  plan  an  important  role  in  deter¬ 
mining  the  capacity  of  the  system. 

Table  5.8  gives  the  characteristics  of  the  vessels  that 
the  GL/SLS  Lock  Capacity  Model  assumes  operate  through  the  Great 
Lakes  and  St.  Lawrence  Seaway.  As  is  noted  on  the  table,  all 
oceangoing  ships  longer  than  400  feet  are  classified  Class  6. 

Lake  ships  600  to  699  feet  (conventional  Classes  5  and  6)  are 
called  Class  5  by  the  model. 

Larger  ships  carry  more  cargo  in  proportion  to  their 
locking  time  than  do  smaller  ships.  Therefore,  recognizing  that 
the  system  constraint  is  in  terms  of  the  number  of  lockages  that 
can  be  completed  per  day,  as  the  ships  in  the  fleet  get  larger, 
because  of  the  retirement  of  small  ships  and  the  construction 
of  larger  ships,  the  capacity  of  the  locking  system  increases. 

The  composite  ship  class  can  be  used  as  an  indicator  of  the  size 
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TABLE  5.4  LOCK  TIMES  FOR  THE  SLR  CONSTRAINING  LOCKS 
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TABLE  5.8  VESSEL  CHARACTERISTICS 


of  the  vessel  fleet.  If  the  composite  ship  class  of  the  fleet 
utilizing  a  lock  system  increases  with  time,  the  tonnage  capa¬ 
city  of  that  lock  system  will  also  increase.  Composite  ship 
class  for  a  given  fleet  is  obtained  as  follows: 

LU 

Z  LC  X  SHIP  (lC) 


Z  SHIP  [LC) 

LC=1 

where 

LC  =  vessel  class 

lD  =  largest  vessel  class  in  fleet 
SHIP(i:c)  =  number  of  ships  of  each  vessel  class  in  fleet. 

5.4.2  Fleet  Mix  for  the  Base  Case 

A  task  report  to  the  Corps  of  Engineers  entitled  "Great 
Lakes/St.  Lawrence  Seaway  Fleet  Mix"  [7]  describes  the  general 
economic  and  operating  conditions  that  determine  the  fleet  mix. 
This  section  describes  the  way  in  which  fleet  growth  percentages 
were  determined  for  each  ship  class  and  commodity  for  use  in 
the  GL/SLS  Lock  Capacity  Model.  The  model  uses  these  fleet  growth 
predictions  with  projected  commodity  demand  to  compute  the  fleet 
size  in  future  years. 

Commodity  demand  plus  the  availability  and  size  of  port 
facilities  ultimately  determine  the  composition  of  future 
fleets;  however,  the  way  in  which  operators  change  their  fleet 
composition  also  depends  on  general  economic  conditions.  These 
conditions  include  the  costs  of  operating  small  ships  to  serve 
small  ports,  the  costs  of  labor,  the  price  of  fuel,  the  fuel 
efficiency  of  various  sizes  and  classes  of  ships,  and  the  capital 
costs  involved  in  building  new  ships. 

This  section  reviews  the  way  in  which  ships  are  added  for 
the  base  case;  that  is,  the  case  in  which  the  fleet  changes  to 
meet  commodity  demand  but  no  physical  or  operational  changes 
are  made  in  the  lock  systems.  These  fleet  growth  computations 
assume  that  each  lock  system  serves  a  separate  fleet.  For 
example,  the  Soo  Locks  fleet  is  assumed  to  include  all  the  ships 
that  use  the  Soo  Locks  system;  U.S.,  Canadian,  and  foreign. 

Similar  assumptions  are  made  for  the  fleets  for  the  Welland  Canal 
and  the  St.  Lawrence  River. 


Table  5.9  shows  the  percent  growth  for  each  ship  class 
to  meet  commodity  demand  for  the  Soo  Locks  System.  The  numbers 
show  the  percent  that  each  ship  class  is  expected  to  increase  to 
meet  increased  demand  for  a  particular  commodity.  As  an  example, 
for  ore,  new  construction  to  meet  additional  demand  is  expected 
to  be  10%  Class  5  ships,  20%  Class  7  ships,  and  so  forth.  The 
paragraphs  that  follow  describe  the  specific  conditions  that 
were  considered  to  determine  percent  growth  for  each  ship  class. 
Table  5.10  provides  the  same  information  for  the  Welland  Canal 
and  St.  Lawrence  River.  A  similar  table  and  description  will 
also  be  provided  for  new  fleet  growth  patterns  that  are  expected 
to  occur  in  response  to  structural  changes  to  the  locks  systems. 


5.5  Results  of  Base  Case  Analysis 

5.5.1  Definition  of  Capacity 

For  the  purposes  of  this  study,  capacity  at  one  of  the 
lock  systems  on  the  GL/SLS  System  is  defined  as  an  average 
lock  utilization  of  90%  for  the  high  demand  months  of  May 
through  November.  Lock  utilization  is  the  ratio  of  the  time 
the  lock  is  actually  processing  ships  to  the  total  time  avail¬ 
able  for  ship  processing,  expressed  as  a  percent.  Lock  utili¬ 
zation  of  90%  generally  results  in  an  average  vessel  waiting 
time  of  approximately  six  hours  and  an  average  queue  length  of 
four  ships.  Lock  utilizations  of  greater  than  90%  may  result 
in  much  larger  waiting  times  and  queue  lengths,  because  these 
quantities  increase  exponentially  near  capacity. 

5.5.2  Higher  Water  Level  Base  Case 

The  high  water  base  case  assumes  an  allowable  ship  draft 
of  27  feet  at  the  Soo  and  26  feet  at  the  Welland  Canal  and  St. 
Lawrence  River. 

5. 5. 2.1  Soo  Locks  -  Based  on  the  input  data  explained 
in  the  previous  sections  (cargo  projections,  lock  characteris¬ 
tics,  and  fleet  mix)  and  a  capacity  definition  of  90%  lock 
utilization,  capacity  at  the  Soo  Locks  will  be  reached  in  the 
year  2010.  The  tonnage  processed  through  the  Soo  Locks  at 
capacity  will  be  182,251,000  short  tons.  This  assumes  that 
the  higher  water  levels  that  allow  ships  to  operate  at  up  to 
27  feet  of  draft  will  remain  until  this  time. 

The  capacity  tonnage  of  182,251,000  short  tons  is  an 
increase  of  74,861,000  short  tons  or  69.7%  over  the  107,390,000 
short  tons  processed  through  the  Soo  Locks  in  1978.  This 
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TABLE  5.9  SOO  LOCKS  BASE  LINE  FLEET  ADDED  TO  EACH  CLASS 


OTHER  GENERAL 


CLASS 

ORE 

COAL 

STONE 

GRAIN 

BULK 

CARGO 

4 

0 

0 

0 

0 

30 

20 

5* 

10 

10 

40 

10 

60 

0 

6** 

0 

5 

0 

20 

0 

80 

7 

20 

40 

60 

70 

10 

0 

8 

10 

15 

0 

0 

0 

0 

9 

0 

0 

0 

0 

0 

0 

10 

60 

30 

0 

0 

0 

0 

*Class  5  and  6  Lakers 
**Ocean  Class 


•  Ore  -  The  U.S.  operators  will  continue  to  build  Class  5  and  6 
ore  carriers  because  of  port  limitations.  There  are  no 
foreign  ore  carriers  using  the  Soo,  therefore  Class  6  is  zero. 
Canadian  Class  7  ships  will  continue  to  be  important.  Some 
Class  8  ships  will  be  built  for  U.S.  trade,  bit  the  prepon¬ 
derance  of  new  ore  ships  are  expected  to  be  Class  10. 


•  Coal  -  Some  Class  5  and  6  lakers  are  expected  to  be  added  to 
serve  small  ports.  Some  Class  6  foreign  ships  are  expected 
to  haul  coal,  but  the  numbers  are  expected  to  be  low.  Class 
7  ships  will  be  used  to  carry  coal  to  Canadian  ports  on  Lake 
Ontario  and  for  transshipment  to  overseas  ports.  There  will 
continue  to  be  an  important  growth  of  Class  8  and  10  ships 
for  coal  shipments  to  ports  on  the  Lakes. 

•  Stone  -  Most  U.S.  ships  in  the  stone  trade  are  Class  5  and  6. 

No  foreign  ships  are  expected  to  carry  stone  through  the  Soo. 

As  the  stone  trade  expands,  a  shift  to  Class  7  ships  is 
expected,  but  not  larger  ships. 

•  Grain  -  Carriers  taking  grain  out  of  Lake  Superior  are  dis¬ 
tributed  as  follows:  U.S.,  6.9%;  Canadian,  70.4%;  and  foreign, 
22.7%.  Old  Class  5  ships  are  presently  used  in  the  U.S.  grain 
trade,  but  if  the  U.S.  share  of  the  trade  increases,  operators 
are  likely  to  move  to  larger  ships.  Nearly  all  Canadian 
ships  hauling  grain  are  Class  7.  If  the  locks  at  the  Welland 
and  the  St.  Lawrence  River  do  not  increase  in  size,  this 
trend  is  expected  to  continue. 


TABLE  5.9  SOO  LOCKS  BASE  LINE  FLEET  %  ADDED  TO  EACH  CLASS 
(CONTINUED) 


Other  Bulk  -  This  category  includes  sand,  salt,  raw  materials, 
cement,  and  petroleum  products.  These  commodities  are  carried 
in  the  smallest  ships  although  in  future  years  there  could 
be  some  expansion  into  C-lass  7  vessels. 

General  Cargo  -  General  cargo  is  carried  in  the  smallest  of 
the  lakers,  often  package  freighters  that  are  less  than  100 
feet  long,  plus  ocean  class  vessels.  This  trend  is  expected 
to  continue. 


TABLE  5.10  WELLAND  CANAL  AND  ST.  LAWRENCE  RIVER 
BASE  LINE  FLEET 


OTHER  GENERAL 


CLASS 

ORE 

COAL 

STONE 

GRAIN 

BULK 

CARGO 

4 

0 

0 

0 

0 

20 

20 

5* 

20 

10 

20 

5 

30 

0 

6** 

0 

10 

10 

35 

30 

80 

7 

80 

80 

70 

60 

20 

0 

*Class  5  and  6  Lakers 

**Ocean  Class 

•  Ore  -  Upbound  ore  comes  from  Labrador  and  goes  to  Lake  Ontario 
and  U.S.  ports.  Downbound  ore  goes  to  steel  mills  in  Lake 
Ontario.  Some  ore  moves  in  Class  5  and  6  lakers  but  most 

is  carried  in  Canadian  Class  7's. 

•  Coal  -  Most  coal  shipments  are  downbound  from  the  U.S.  to 
Lake  Ontario  ports.  This  is  generally  carried  in  Canadian 
Class  7  ships.  Some  coal  moves  in  ocean  class  ships. 

•  Stone  -  Some  stone  is  carried  U.S.  to  Canada  in  Class  5  ships, 
but  most  is  carried  Canada  to  Canada  or  Canada  to  U.S.  in 
Canadian  Class  7's. 

•  Grain  -  Grain  shipments  through  the  Welland  Canal  are  64% 
Canadian,  36%  foreign,  and  0.6%  U.S.  Building  predictions 
reflect  this  distribution. 

•  Other  Bulk  -  Most  of  this  cargo  is  carried  in  small  lakers 
although  some  coke  comes  through  in  foreign  ships.  Some 
future  building  of  Class  7's  is  expected. 

•  General  Cargo  -  General  cargo  moves  in  the  smallest  lakers 
and  in  ocean class. 
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increase  in  tonnage  is  mainly  the  result  of  a  256%  increase 
in  coal,  a  54%  increase  in  iron  ore,  and  a  60%  increase  in 
grain. 


In  order  to  transport  the  increased  commodities,  the  Soo 
fleet  increased  41.7%,  from  108.5  ships  in  1978  to  153.7  ships 
in  2010.  At  the  same  time,  system  capacity  was  increased  as 
smaller  ships  were  retired  and  larger  ships  were  constructed. 

The  composite  ship  class  for  the  Soo  Locks  increased  from  6.4 
in  1978  to  7.0  in  2010.  The  greatest  increases  in  ship  size 
came  in  iron  ore  and  coal  carriers.  The  composite  ore  carrier 
ship  class  increased  from  6.9  in  1978  to  8.4  in  2010,  and  the 
composite  coal  ship  class  increased  from  6.1  in  1978  to  7.8  in 
2010.  The  Soo  fleet  mix  from  1978  through  2010,  according  to 
ship  class,  is  shown  in  Figure  5.9. 

The  total  number  of  transits  through  the  Soo  Locks 
increased  from  7,698  in  1978  to  10,665  in  2010.  This  increase 
of  38. 5%,  compared  with  the  tonnage  increase  of  69.7%,  is  a 
further  indication  of  the  increased  capacity  of  the  fleet  due 
to  the  construction  of  larger  ships.  There  was  no  change  in 
the  ratio  of  loaded  to  total  transits. 

The  constraining  locks  at  the  Soo  are  the  Poe  and  the 
MacArthur.  Both  locks  approach  capacity  with  almost  equal  lock 
utilization,  averaging  91.4%  at  the  MacArthur  and  90.3%  at  the 
Poe  for  the  peak  period  from  May  to  November.  Near  capacity, 
however,  the  queue  lengths  and  waiting  times  are  slightly  longer 
at  the  Poe  than  at  the  MacArthur.  This  is  because  the  Poe 
handles  large  ships  with  longer  locking  times,  while  the  Mac¬ 
Arthur  handles  more  ships,  but  of  smaller  size  and  shorter 
locking  time.  During  the  period  of  heaviest  traffic  in  July, 
the  Poe  had  a  lock  utilization  of  91%,  an  average  waiting  time 
of  3.0  hours  upbound  and  13.1  hours  downbound,  and  an  average 
queue  length  of  0.7  vessels  upbound  and  4.4  vessels  downbound. 
The  MacArthur  lock  had  its  heaviest  traffic  in  May,  when  lock 
utilization  reached  95%;  the  average  waiting  time  was  0.3  hours 
upbound  and  11.4  hours  downbound,  and  the  average  queue  length 
was  0.03  vessels  upbound  and  7.0  vessels  downbound. 

Operation  of  the  Davis  Lock  was  not  required  because 
lock  utilization  at  the  Sabin  remained  less  than  50%.  Utili¬ 
zation  at  the  Sabin  Lock  tended  to  decrease  slightly  with  time 
because  the  smaller  ships  that  use  the  Sabin  or  Davis  Locks 
were  retired. 


5-32 


As  capacity  is  approached,  both  average  ship  waiting 
time  and  average  ship  queue  length  increase  exponentially  at 
the  constraining  locks.  Figure  5.10  shows  lock  utilization, 
average  queue  length,  and  average  ship  waiting  time  for  the 
Poe  Lock  from  1978  to  capacity  in  2010.  Figure  5.11  shows  lock 
utilization,  average  queue  length,  and  average  ship  waiting 
time  for  the  MacArthur  Locks  from  1979  to  capacity  in  2010. 

5. 5. 2. 2  Welland  Canal  -  The  Welland  Canal  is  the  con¬ 
straining  lock  system  on  the  GL/SLS  System.  Based  on  an 
allowable  ship  draft  of  26  feet  and  a  capacity  definition  of 
90%  lock  utilization,  capacity  at  the  Welland  Canal  will  be 
reached  in  1984.  The  tonnage  processed  through  the  Welland 
Canal  at  capacity  is  expected  to  be  78,926,000  short  tons. 

The  1984  capacity  tonnage  of  78,926,000  short  tons  is  an 
increase  of  10,862,000  short  tons,  or  16.0%,  over  the  68,064,000 
short  tons  processed  through  the  Welland  Canal  in  1978.  The 
increased  tonnage  is  mainly  the  result  of  a  74.5%  increase  in 
general  cargo  and  a  17.4%  increase  in  grain. 

To  accommodate  these  increases,  the  fleet  operating 
through  the  Welland  Canal  increased  14.7%,  from  113.6  ships  in 
1978  to  130.3  ships  in  1984.  The  composite  ship  class  increased 
from  5.9  in  1978  to  6.0  in  1984.  Only  a  few  small  ships  could 
be  retired  in  that  time,  resulting  in  only  a  slight  capacity 
gain  due  to  increased  ship  size.  The  Welland  Canal  fleet  mix 
from  1978  to  the  year  capacity  is  reached  is  shown  in  Figure 
5.12. 

The  total  number  of  transits  through  the  Welland  Canal 
increased  from  6,395  in  1978  to  7,024  in  1984,  for  a  change  of 
9.8%.  More  significantly,  the  percentage  of  loaded  transits 
increased  from  63.1%  of  total  transits  in  1978  to  65.2%  in 
1984  because  of  a  more  even  distribution  of  the  upbound  and  down- 
bound  tonnages.  The  increase  in  this  percentage  increased  the 
system  capacity  at  no  cost.  The  number  of  transits  through 
the  Welland  Canal  averaged  over  31  per  day  during  the  period 
from  May  through  November  1984. 

Capacity  was  reached  at  the  constraining  lock  on  the 
Welland  Canal  in  1984  at  an  average  lock  utilization  of  90.1% 
during  the  peak  months  of  May  through  November.  During  the 
period  of  heaviest  traffic  in  July,  the  lock  utilization  was 
96%.  The  average  waiting  time  was  16.0  hours  upbound  and  8.9 
hours  downbound.  The  average  queue  length  was  10.6  ships  up- 
bound  and  5.9  ships  downbound.  Lock  utilization,  vessel  queue 
length,  and  average  waiting  time  are  shown  on  Figure  5.13. 


FIGURE  5.10  BASELINE  QUEUE  LENGTH,  WAITING  TIME,  AND 
%  UTILIZATION,  POE  LOCK,  27  FOOT  DRAFT 
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AVERAGE  WAITING  TIME  (HOURS) 


AVERAGE  QUEUING  LENGTH  (SHIPS) 


AVERAGE  WAITING  TIME  (HOURS) 


AVERAGE  QUEUE  LENGTH  (SHIPS) 


AVERAGE  WAITING  TIME  (HOURS) 


5. 5. 2. 3  $t.  Lawrence  River  -  Based  on  the  input  data  and 
a  capacity  definition  of  90%  lock  utilization,  the  St.  Lawrence 
River  Locks  are  expected  to  reach  capacity  in  the  year  2014. 

This  assumes  that  water  levels  will  remain  at  their  present  high 
levels,  allowing  ship  drafts  up  to  26  feet.  An  estimated 
99,174,000  short  tons  will  pass  through  the  St.  Lawrence  River 
Locks  at  capacity. 

The  capacity  tonnage  of  99,174,000  short  tons  in  2014 
is  an  increase  of  34,958,000  short  tons  or  54.4%  over  the 
64,216,000  short  tons  processed  through  the  St.  Lawrence  River 
Locks  in  1978.  The  most  significant  increases  in  tonnage  came 
from  grain,  increasing  50.9%,  and  general  cargo  increasing 
98.9%. 

The  St.  Lawrence  River  fleet  increased  from  109.0  ships 
in  1978  to  156.3  ships  in  2014,  a  change  of  43.4%.  The  com¬ 
posite  ship  class  increased  from  5.7  to  6.1  showing  an  increase 
in  overall  capacity  due  to  the  trend  toward  larger  ships. 

More  significantly,  the  composite  grain  ship  increased  from 
5.9  in  1978  to  6.6  in  2014.  The  St.  Lawrence  River  fleet  mix 
from  1978  to  capacity  in  2014  is  shown  on  Figure  5.14. 

The  total  number  of  transits  through  the  St.  Lawrence 
River  increased  from  40.0%  from  5,663  in  1978  to  7,930  in  2014. 
The  percentage  of  loaded  to  total  transits  increased  from  68.0% 
in  1978  to  69.9%  in  2014  due  to  a  more  even  distribution  of 
upbound  and  downbound  cargos.  This,  and  the  increase  in  fleet 
size,  resulted  in  an  increase  in  capacity  at  no  cost. 

Capacity  was  reached  at  the  St.  Lawrence  River  Locks 
with  an  average  lock  utilization  at  the  constraining  lock  of 
90.4%  during  the  peak  months  of  May  through  November.  During 
the  heaviest  traffic  in  July,  the  lock  utilization  was  greater 
than  98%  with  an  average  waiting  time  of  27.6  hours  upbound  and 
22.0  hours  downbound,  and  an  average  queue  length  of  21.2  ships 
upbound  and  16.9  ships  downbound.  Lock  utilization,  average 
queue  length,  and  average  waiting  time  for  the  constraining 
lock  are  shown  on  Figure  5.15. 

5.5.3  Minimum  Water  Level  Base  Case  -  25.5  Foot  Draft 

5. 5. 3.1  Soo  Locks  -  Water  levels  are  assumed  to  be  at 
low  water  datum  allowing  ship  drafts  equal  to  25.5  feet.  Based 
on  this  condition  and  a  capacity  definition  of  90%  of  lock  util¬ 
ization,  the  Soo  Locks  are  expected  to  reach  capacity  in  the 
year  2006.  The  tonnage  processed  through  the  Soo  Locks  at 


AVERAGE  QUEUE  LENGTH  (SHIPS) 


AVERAGE  WAITING  TIME  (HOURS) 


capacity  will  be  173,739,000  short  tons.  This  traffic  load  is 
an  increase  of  61.8%  over  the  107,390,000  short  tons  processed 
through  the  Soo  Locks  in  1978.  Much  of  the  increased  tonnage 
came  from  coal,  which  increased  40%;  grain,  which  increased 
55.1%;  and  iron  ore,  which  increased  45.8%. 

The  fleet  operating  through  the  Soo  Locks  increased 
36.3%,  from  113.2  ships  in  1978  to  154.3  ships  in  2006.  At  the 
same  time,  the  composite  ship  class  increased  from  6.3  to  7.0 
which  resulted  in  an  increase  in  capacity  of  the  locks.  Most 
of  the  increase  in  composite  ship  size  came  from  iron  ore  and 
coal.  The  composite  iron  ore  ship  class  increased  from  6.8  in 
1978  to  8.3  in  2006.  The  composite  coal  ship  class  increased 
from  6,0  in  1978  to  7.7  in  2006.  The  Soo  fleet  mix  from  1978 
to  2006  is  shown  on  Figure  5.16. 

The  total  number  of  transits  through  the  Soo  Locks  in¬ 
creased  33.7%,  from  8,099  in  1978  to  10,825  in  2006.  At  the 
same  time,  the  percentage  of  loaded  transits  decreased  from 
o6.2%  in  1978  to  55.7%  in  2006  as  the  downbound  cargos  increased 
at  a  faster  rate  than  the  upbound  cargos.  This  decrease  re¬ 
sulted  in  a  slight  loss  of  capacity. 

Lock  utilization  at  capacity  during  the  peak  demand 
months  of  May  through  November  averaged  92,0%  at  the  Poe  Lock 
and  92.1%  at  the  MacArthur  Lock.  During  the  period  of  heaviest 
traffic  in  July,  utilization  at  the  Poe  Lock  was  92%,  the 
average  vessel  waiting  time  was  3.1  hours  upbound  and  15.9 
hours  downbound,  and  the  average  queue  length  was  0.7  vessels 
upbound  and  5.4  vessels  downbound.  During  the  most  severe 
month  at  the  MacArthur  Lock,  May,  the  lock  utilization  was  93%, 
average  vessel  waiting  time  was  0.3  hours  upbound  and  9.5  hours 
downbound,  and  the  average  queue  length  was  0.03  ships  upbound 
and  5.8  ships  downbound.  Lock  utilization,  average  vessel 
waiting  time,  and  average  queue  length  are  shown  on  Figure 
5.17  for  the  Poe  Lock  and  on  Figure  5.18  for  the  MacArthur  Lock. 

The  Sabin  and  Davis  Locks  are  non-constraining  locks  at 
the  Soo.  In  2006,  when  both  the  Poe  and  the  MacArthur  were  at 
capacity,  the  Sabin  Lock  averaged  49%  utilization  during  the  peak 
period.  The  Davis  Lock  was  not  in  use. 

5. 5. 3. 2  Welland  Canal  -  At  the  guaranteed  system-wide 
draft  of  25.5  feet  and  a  capacity  definition  of  90%  lock  util¬ 
ization,  the  Welland  Canal  is  expected  to  reach  capacity  in 
1981.  The  Welland  is  not  actually  at  capacity  now  because  high 
water  is  permitting  deeper  draft  requiring  less  transits  to 
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FIGURE  5.16  BASELINE  FLEET  MIX  FOR  SOO,  25.5  FOOT  DRAFT 
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process  the  same  amount  of  cargo.  The  amount  of  cargo  pro¬ 
cessed  through  the  Welland  Canal  at  capacity  will  be  75,187,000 
short  tons. 

The  capacity  tonnage  at  the  Welland  Canal  of  75,198,000 
short  tons  is  an  increase  of  7,131,000  short  tons  or  10.5%  over 
the  68,067,000  short  tons  processed  in  1978.  The  major  in¬ 
creases  in  cargo  came  from  general  cargo  which  increased 
49.1%,  and  grain  which  increased  11.6%. 

The  number  of  ships  utilizing  the  Welland  Canal  increased 
9.1%  from  119.5  ships  in  1978  to  130.4  ships  in  1981.  At  the 
same  time  the  composite  ship  class  increased  from  5.9  to  6.0 
providing  a  slight  increase  in  capacity  due  to  the  larger  sized 
fleet.  The  Welland  fleet  mix  from  1978  to  capacity  is  shown  on 
Figure  5.19. 

The  total  number  of  transits  through  the  Welland  Canal 
increased  5.9%  from  6,865  in  1978  to  7,268  in  1981.  The  per¬ 
centage  of  loaded  transits  increased  from  63.2%  in  1978  to  64.7% 
in  1981,  allowing  for  a  small  capacity  increase.  The  number  of 
transits  through  the  Welland  Canal  averaged  over  31  per  day 
during  the  months  of  May  through  November  1981. 

At  capacity,  the  constraining  lock  at  the  Welland  Canal 
averaged  94.4%  lock  utilization  for  the  peak  period  from  May  to 
November.  During  the  period  of  highest  traffic  in  July,  lock 
utilization  was  greater  than  98%,  average  vessel  waiting  time 
was  36.0  hours  upbound  and  35.4  hours  downbound,  and  average 
queue  length  was  24.2  ships  upbound  and  24.2  ships  downbound. 
Lock  utilization,  average  vessel  waiting  time,  and  vessel  queue 
length  are  shown  on  Figure  5.20. 

5. 5. 3. 3  St.  Lawrence  River  -  Based  on  the  definition  of 
lock  capacity  as  90%  lock  utilization  and  a  operating  draft  of 
25.5  feet,  the  St.  Lawrence  River  will  reacn  capacity  in  the 
year  2006.  At  capacity  the  amount  of  cargo  passing  through  the 
St.  Lawrence  River  Locks  will  be  92,526,000  short  tons. 

The  capacity  tonnage  of  92,526,000  is  an  increase  of 
44.1%  or  28,313,000  short  tons  over  the  64,213,000  short  tons 
processed  in  1978.  The  major  cargo  increases  came  in  general 
cargo,  other  bulk,  iron  ore,  and  grain.  General  cargo  in¬ 
creased  90.8%,  other  bulk  increased  42.7%,  grain  increased 
41.8%,  and  iron  ore  increased  30.2%. 

The  number  of  ships  operating  through  the  St.  Lawrence 
River  Locks  increased  from  114.3  in  1978  to  152.8  ships  in  2006 
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for  a  percent  increase  of  33.7%.  During  this  time,  the  com¬ 
posite  ship  class  rose  from  5.7  in  1978  to  6.1  in  2006,  re¬ 
sulting  in  an  increase  in  system  capacity  due  to  increased 
tonnage  per  lockage.  Much  of  this  increase  is  the  result  of 
increases  in  the  composite  size  of  ore,  coal,  and  grain  ships. 
The  composite  ore  ship  increased  from  6.1  in  1978  to  6.7  in 
2006.  The  composite  coal  ship  increased  from  6.0  in  1978  to 
6.8  in  2006.  The  composite  grain  ship  increased  from  5.9  in 
1978  to  6.5  in  2006.  The  fleet  mix  for  the  St.  Lawrence  River 
from  1978  to  capacity  in  2006  is  shown  on  Figure  5.21. 

The  total  number  of  transits  through  the  St.  Lawrence 
River  increased  29.9%  from  6,091  in  1978  to  7,910  in  2006.  At 
the  same  time  the  percent  loaded  transits  increased  from  67.5% 
in  1978  to  70.0%  in  2006.  This  was  due  to  a  more  equal  distri¬ 
bution  of  upboun-d  and  downbound  cargos  and  resulted  in  a  small 
increase  in  capacity. 

At  capacity  in  2006,  the  constraining  lock  on  the  St. 
Lawrence  River  had  an  average  lock  utilization  of  90.1%  over 
the  peak  months  of  May  through  November.  During  July,  the 
most  severe  month,  the  lock  utilization  was  97%,  the  average 
vessel  waiting  time  was  24.8  hours  upbound  and  20.0  hours  down- 
bound,  and  the  average  queue  length  was  19.1  ships  upbound  and 
15.3  ships  downbound.  Lock  utilization,  average  vessel  waiting 
time,  and  vessel  queue  length  are  shown  on  Figure  5.22. 


AVERAGE  QUEUE  LENGTH  (SHIPS) 


AVERAGE  WAITING  TIME  (HOURS) 


6.  ANALYSIS  OF  NON-STRUCTURAL  ALTERNATIVES 


6.1  Introduction 

Non-structural  capacity  expansion  alternatives  are  a 
means  of  increasing  the  tonnage  processed  through  a  lock  system 
without  constructing  new  locks  or  performing  major  structural 
lock  and  channel  modifications.  The  non-structural  alterna¬ 
tives  increase  lock  capacity  by  changing  a  component  of  the  lock¬ 
ing  system.  In  this  study  all  of  the  non-structural  alterna¬ 
tives  selected  for  consideration  by  the  Corps  of  Engineers  have 
the  effect  of  reducing  locking  time.  Other  non-structural 
alternatives  might  increase  capacity  by  maximizing  the  tonnage 
processed  per  lockage  or  by  increasing  the  available  lock 
operating  time.  Policy  decisions  resulting  in  preferential 
treatment,  such  as  discouraging  non-cargo  carrying  ships,  are 
also  considered  non-structural  alternatives.  The  Corps  of 
Engineers  did  not  select  any  alternatives  of  this  type  for 
inclusion  in  the  study. 

The  Corps  of  Engineers  selected  four  non-structural 
alternatives  [8]  for  testing  in  this  sensitivity  and  feasibility 
analysis.  These  alternatives  are: 

(1)  Install  Traveling  Kevels 

(2)  Increase  Ship  Speed  into  Locks 

(3)  Decrease  Chambering  Time 

(4)  Install  Lock  Traffic  Control  Systems. 

Each  of  these  alternatives  increase  the  capacity  of  a 
lock  system  by  reducing  a  component  of  the  locking  time.  A 
range  of  possible  locking  time  reductions  was  established  for 
each  of  the  non-structural  alternatives  based  on  operational 
experience  [9].  Engineering  judgement  was  then  used  to  deter¬ 
mine  a  reasonable  locking  time  reduction  that  could  be  obtained 
within  this  range.  These  most  probable,  or  expected  values,  for 
the  locking  time  reductions  were  then  used  in  the  analysis. 

Each  of  the  four  non-structural  alternatives  are  de¬ 
scribed  in  greater  detail  in  the  following  sections  of  the 
report,  along  with  the  results  of  the  sensitivity  and  feasi¬ 
bility  analysis  which  determine  the  possible  effect  of  each 
alternative  on,- capacity.  In  addition  to  evaluating  each 


6-1 


non-structural  alternative  alone,  a  non-structural  improvement 
to  maximum  utility  alternative  was  tested.  This  fifth  non- 
structural  alternative  -ombines,  as  much  as  possible,  the  first 
four  non-structural  alternatives  in  a  way  that  provides  the 
maximum  locking  time  reduction  that  can  reasonably  be  expected 
from  these  alternatives.  The  results  of  the  non-structural 
maximum  utility  alternative  provides  a  base  line  of  non-struc¬ 
tural  improvements  against  which  the  structural  alternatives, 
discussed  later  in  this  report,  are  evaluated. 

Although  five  specific  non-structural  alternatives  are 
examined  in  this  analysis,  the  capacity  simulation  results 
from  these  analyses  may  also  be  applied  in  other  cases.  For 
example,  if  a  non-structural  alternative  not  specified  here 
were  thought  to  be  able  to  reduce  locking  times  by  7.5X,  the 
results  of  the  traveling  kevels  capacity  simulation  could  be 
used  to  evaluate  this  new  alternative  because  the  output  would 
be  the  same.  In  general,  therefore,  these  non-structural 
capacity  simulations  can  be  thought  of  as  a  locking  time  re¬ 
duction  sensitivity  analysis  against  which  any  alternative 
for  reducing  locking  time  may  be  evaluated.  Table  6.1  summarizes 
the  five  non-structural  alternatives  tested  and  their  corres¬ 
ponding  locking  time  reductions.  The  alternatives  are  dis¬ 
cussed  in  the  following  sections  of  the  report. 


6.2  Traveling  Kevels 
6.2.1  Lock  Improvement 

Traveling  kevels  are  wheeled  movable  mooring  posts  which 
would  travel  on  a  rail  along  the  guide  walls  on  both  sides  of 
the  lock.  Upon  approaching  the  lock  entrance,  a  ship  would  be 
moored  to  the  kevels.  The  kevels  would  then  tow  the  ship  into 
the  lock. 

A  ship  under  its  own  power  must  proceed  into  a  lock 
very  slowly  to  minimize  the  chance  of  damaging  the  lock  or  the 
ship.  Using  traveling  kevels  it  is  estimated  that  a  ship  would 
be  able  to  move  into  the  lock  faster  with  the  same  degree  of 
safety.  Ship  speed  entering  the  lock  would  increase,  decreasing 
locking  time,  although  some  of  the  time  gain  would  be  lost  in 
hook-up  and  release  from  the  assisting  devices. 

Traveling  kevels  would  reduce  the  lockage  time  component 
of  lock  entry  time  which  is  approximately  15%  of  the  total 
locking  time.  The  best  estimate  of  performance  for  traveling 
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kevels  is  a  reduction  of  entry  time  by  approximately  one-half 
resulting  in  a  total  locking  time  reduction  of  7.5".  To 
evaluate  the  impact  of  this  change,  the  Lock  Capacity  Model  was 
run  until  it  reached  capacity  using  baseline  data,  then  all  of 
the  locking  times  were  reduced  by  7.5"  and  the  simulation  was 
continued.  The  resulting  delay  in  the  year  capacity  was  reached 
showed  the  benefit  of  installing  traveling  kevels. 

6.2.2  Results  of  Capacity  Simulation  Using  Traveling  Kevels 

6. 2. 2.1  Soo  Locks  -  After  the  Soo  Locks  reached  capa¬ 
city  in  2006,  traveling  kevels  were  installed  and  the  capacity 
condition  was  delayed  until  2014.  At  this  new  capacity  level 
the  Soo  Locks  processed  189,501,000  short  tons  of  cargo.  This 
is  an  increase  of  15,762,000  short  tons  or  9.1%  over  the 
173,739,000  short  tons  that  passed  through  the  lock  in  2006. 

Most  of  the  increases  in  cargo  between  2006  and  2014  came 
in  iron  ore  and  grain.  Iron  ore  increased  11.4%  while  grain 
increased  6.2%. 

The  number  of  vessels  in  the  Soo  Locks  fleet  increased 
6.1%,  from  154.3  ships  in  2006  to  164.6  ships  in  2014.  The 
composite  ship  class  for  the  Soo  fleet  increased  only  slightly 
from  7.0  in  2006  to  7.1  in  2014.  Therefore,  very  little 
capacity  was  gained  due  to  growth  in  the  size  of  the  Soo  fleet. 
The  Soo  fleet  mix  from  1978  to  2014  is  shown  on  Figure  6.1. 

The  total  number  of  transits  through  the  Soo  Locks  in¬ 
creased  6.4%,  from  10,825  transits  in  2006  to  11,517  transits 
in  2014.  The  percentage  of  loaded  transits  remained  fairly 
constant,  increasing  slightly  from  55.7%  in  2006  to  55.9% 
in  2014.  Reduction  of  ballasted  lockages  therefore  had  little 
effect  in  increasing  the  Soo  capacity  from  2006  to  2014. 

Capacity  at  the  Soo  was  reached  at  the  Poe  and  MacArthur 
Locks  in  2014.  The  Poe  and  MacArthur  Locks  each  had  average 
lock  utilizations  during  the  peak  months  of  May  through  Nov¬ 
ember  of  92.0%.  During  October,  the  month  of  heaviest  traffic 
at  the  Poe  Lock,  the  lock  utilization  was  92.0%,  the  average 
vessel  waiting  time  was  3.7  hours  upbound  and  15.9  hours  down- 
bound,  and  the  average  queue  length  was  1.0  ships  upbound  and 
5.6  ships  downbound.  Lock  utilization,  average  vessel  waiting 
time,  and  average  queue  length  for  the  Poe  Lock  are  shown  on 
Figure  6.2.  During  May,  the  most  severe  month  at  the  MacArthur 
Lock,  utilization  was  92.0%,  average  vessel  waiting  time  was 
0.3  hours  upbound  and  8.7  hours  downbound,  and  average  queue 
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length  was  0.03  ships  upbound  and  5.7  ships  downbound.  Lock 
utilization,  average  vessel  waiting  time,  and  average  queue 
length  for  the  MacArthur  Lock  are  given  on  Figure  6.3. 

6. 2.2.2  Welland  Canal  -  After  adding  traveling  kevels 
when  the  original  capacity  condition  was  reached  in  1981,  the 
Welland  Canal  again  reached  capacity  in  1985.  At  capacity  in 
1985  a  total  of  80,738,000  short  tons  of  cargo  were  processed 
through  the  Welland  Canal.  This  is  an  increase  of  5,540,000 
short  tons,  or  7.5%,  over  the  75,198,000  short  tons  of  cargo 
processed  through  the  locks  in  1981. 

The  commodities  that  had  the  largest  increases  in  cargo 
from  1981  to  1985  were  general  cargo  and  grain.  General  cargo 
increased  25.4%,  and  grain  cargo  increased  7.8%. 

The  number  of  ships  in  the  Welland  Canal  fleet  increased 
6.7%,  from  130.4  ships  in  1981  to  139.1  ships  in  1985.  The 
composite  ship  class  for  the  Welland  Canal  fleet  remained  con¬ 
stant  at  6.0  from  1981  to  1985;  therefore,  capacity  did  not  in¬ 
crease  because  of  an  increase  in  ship  size.  The  Welland  Canal 
fleet  mix  is  shown  on  Figure  6.4. 

The  total  number  of  transits  through  the  Welland  Canal 
increased  4.9%,  from  7,268  transits  in  1981  to  7,627  transits 
in  1985.  A  slight  increase  occurred  in  the  percentage  of  loaded 
transits,  from  64.7%  in  1981  to  65.2%  in  1985,  which  resulted 
in  a  small  capacity  increase. 

Lock  utilization  at  the  constraining  lock  on  the  Welland 
Canal  during  the  capacity  year  of  1985  was  an  average  of  90.7% 
over  the  peak  months  of  May  through  November.  During  July,  the 
most  severe  month,  the  lock  utilization  was  96.0%  and  the 
average  vessel  waiting  time  was  16.5  hours  upbound  and  8.8  hours 
downbound.  The  lock  utilization,  average  waiting  time,  and 
average  queue  length  are  shown  in  Figure  6.5. 

6. 2. 2. 3  St.  Lawrence  River  -  After  installing  traveling 
kevels  at  the  final  capacity  level  in  2006,  capacity  on  the 

St.  Lawrence  River  Locks  was  delayed  until  2016.  The  cargo 
processed  through  the  St.  Lawrence  Locks  at  capacity  in  2016  was 
100,534,000  short  tons.  This  is  an  increase  of  8,008,000 
short  tons  or  8.7%  over  the  base  case  capacity  in  2006  of 
92,526,000  short  tons. 

Most  of  the  tonnage  increase  through  the  St.  Lawrence 
River  from  2006  to  2016  was  in  the  categories  of  other  bulk. 
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FIGURE  6.4  WELLAND  CANAL  FLEET  MIX  -  TRAVELING  KEVELS 
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iron  ore,  and  grain.  Other  bulk  increased  13.7%,  iron  ore 
increased  10.7%,  and  grain  increased  7.8%. 


The  total  number  of  ships  operating  through  the  St. 
Lawrence  River  increased  14.9%,  from  143.4  ships  in  2006  to 
164.8  ships  in  2016.  The  composite  ship  class  for  the  St. 
Lawrence  River  fleet  remained  constant  at  6.1.  No  increase  in 
capacity  through  the  St.  Lawrence  River  Locks  was  gained  from 
an  increase  in  fleet  vessel  size.  The  St.  Lawrence  River  fleet 
mix  is  shown  on  Figure  6.6. 

The  total  number  of  transits  through  the  St.  Lawrence 
River  Locks  increased  8.7%,  from  7,910  transits  in  2006  to 
8,597  transits  in  2016,  The  percentage  of  loaded  transits 
decreased  slightly  from  70.0%  in  2006  to  69.7%  in  2016.  This 
caused  a  very  small  decrease  in  capacity  due  to  an  increase  in 
the  number  of  ballasted  lockages. 

At  capacity  in  2016  the  constraining  lock  in  the  St. 
Lawrence  River  had  an  average  lock  utilization  of  90.4%  over 
the  peak  months  of  May  through  November,  During  July,  the  most 
severe  month,  the  lock  utilization  was  97.0%,  the  average  waiting 
time  was  20.9  hours  upbound  and  17,3  hours  downbound,  and  the 
average  queue  length  was  17.3  ships  upbound  and  14.3  ships  down- 
bound.  The  lock  utilization,  average  vessel  waiting  time,  and 
average  queue  length  for  the  constraining  lock  on  the  St. 

Lawrence  River  are  shown  in  Figure  6.7. 


6.3  Increase  Ship  Speed  Entering  the  Locks 
6.3.1  Lock  Improvement 

To  implement  this  alternative,  ships  would  be  instructed 
to  enter  the  locks  at  a  higher  speed.  Additional  safety  pro¬ 
cedures  and  devices  would  be  implemented  at  the  lock  to  reduce 
the  chance  of  lock  and  ship  damage.  The  ship  would  have  to  rely 
to  a  greater  extent  than  it  presently  does  on  the  operation  of 
its  own  controls,  particularly  the  application  of  reversal  of 
power.  This  would  reduce  margins  for  safety;  therefore,  addition¬ 
al  safety  measures  would  be  required  to  prevent  ship  and  lock 
damage.  Additional  safety  devices  may  include  replaceable 
fenders,  energy  absorbers,  and  rolling  fenders.  Some  of  these 
devices  are  currently  in  place  at  the  Soo  Locks  and  at  the  St. 
Lawrence  River  Locks. 

Increasing  the  ship  speed  into  the  lock  would  increase 
the  lock  capacity  by  reducing  the  lock  entry  time  component  of 
the  locking  time.  Lock  entry  time  is  approximately  15%  of  the 
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total  locking  time.  Increasing  the  ship  speed  into  the  lock 
would  reduce  lock  entry  time  approximately  20'1)  at  the  Soo  and 
St.  Lawrence  River,  and  approximately  33*  at  the  Welland  Canal. 
The  improvement  will  reduce  locking  times  to  a  greater  extent 
at  the  Welland  Canal  than  at  the  Soo  and  St.  Lawrence  River 
Locks  because  ships  already  enter  the  soo  and  St.  Lawrence  River 
Locks,  which  have  some  safety  bumpers  and  fenders,  at  higher 
speeds.  Locking  time  reductions  are  likely  to  vary  widely 
between  individual  ships. 

6.3.2  Results  of  Capacity  Simulation  Using  Increased  Ship  Speed 

Entering  Locks 

6.3.2. 1  Soo  Locks  -  With  the  implementation  of  increased 
ship  speed  entering  the  locks  at  the  Soo  when  capacity  is  reached 
in  2006,  the  capacity  condition  was  delayed  until  2008.  At  capa¬ 
city  with  ship  entrance  speed  increased  in  2008  the  amount  of 
cargo  processed  through  the  Soo  Locks  was  177,988,000  short  tons. 
This  is  an  increase  of  4,249,000  short  tons  or  2.4*  over  the 
173,739,000  short  tons  processed  through  the  lock  in  2006. 

Most  of  the  increase  in  cargo  between  2006  and  2008  came 
in  iron  ore.  Iron  ore  through  the  Soo  Locks  increased  2.8%, 
from  98,911,000  short  tons  in  2006  to  101,740,000  short  tons 
in  2008. 

The  number  of  vessels  in  the  Soo  Locks  fleet  increased 
1.8*  from  154.3  ships  in  2006  to  157.1  ships  in  2008.  During 
that  two  year  period,  the  composite  ship  class  remained  con¬ 
stant  at  7.0.  Figure  6.8  shows  the  fleet  mix  for  the  Soo  from 
1978  until  2008. 

The  number  of  transi ts  through  the  Soo  Locks  increased 
2.03,  from  10,825  transits  in  2006  to  11,041  transits  in  2008. 

The  percentage  of  loaded  transits  at  the  Soo  Locks  remained 
constant  at  55.93. 


Capacity  at  the  Soo  was  reached  at  both  the  Poe  and 
MacArthur  Locks  in  2008.  The  Poe  Lock  had  an  average  lock 
utilization  during  the  peak  months  of  May  through  November  of 
91.33.  During  the  highest  level  of  traffic  in  October,  the 
lock  utilization  was  92.03,  the  average  vessel  waiting  time  was 
3.1  hours  upbound  and  14.3  hours  downbound,  and  the  average 
queue  length  was  0.9  ships  upbound  and  5.1  ships  downbound.  Lock 
utilization,  average  vessel  waiting  time,  and  average  vessel 
queue  length  for  the  Poe  Lock  are  given  on  Figure  6.9. 


AVERAGE  QUEUE  LENGTH  (SHIPS) 


AVERAGE  WAITING  TIME  (HOURS) 


The  MacArthur  Lock  had  an  average  lock  jtili cation  of 
during  the  peak  months  of  May  through  Novemoer.  During 
tne  most  severe  month,  May,  lock  utilization  was  95.0.,  average 
vessel  waiting  time  was  0,3  hours  upbound  and  13.1  hours  down- 
bound,  and  average  queue  length  was  0.03  ships  upbound  and  3.3 
ships  downbound.  Lock  utilization,  average  vessel  waiting  time, 
and  average  queue  length  for  the  MacArthur  Lock  are  gi  en  on 
Figure  6.10. 

6. 3. 2.2  Wei  land  Canal  -  After  increasing  ship  speed 
entering  the  locks  when  the  original  capacity  condition  occurred 
in  1981,  the  Welland  Canal  again  reached  capacity  in  1984. 

At  capacity  in  1984  a  total  of  78,921,000  short  tons  of  cargo 
were  processed  through  the  Welland  Canal.  This  is  an  increase  o* 
3,723,000  short  tons  or  5.0T  over  the  75,198,000  short  tons  of 
cargo  processed  through  the  locks  in  1981. 

The  commodities  that  realized  the  largest  increase  in 
cargo  from  1981  to  1984  were  general  cargo  and  grain.  General 
cargo  increased  17. IT,  while  grain  increased  4.9T. 

The  number  of  ships  in  the  Welland  Canal  ^leet  increased 
4.2T  from  130.4  ships  in  1981  to  135.9  ships  in  1984.  The  com¬ 
posite  ship  class  for  the  Welland  Canal  fleet  remained  constant 
at  composite  class  6.0.  The  Welland  Canal  fleet  mix  is  shewn  on 
Figure  6.11. 

The  total  number  of  transits  through  the  Welland  Canal 
increased  3.2T,  from  7,268  transits  in  1981  to  7,497  transits 
in  1984.  The  percentage  of  loaded  transits  increased  slightly 
from  64. 7T  in  1981  to  64. 2T  in  1984.  A  small  capacity  increase 
was  gained  from  the  reduction  of  ballasted  transits. 

Lock  utilization  at  the  constraining  lock  on  the  Welland 
Canal  at  capacity  in  1984  was  an  average  of  92. 3T  over  the  peak 
months  of  May  through  November.  During  July,  the  most  severe 
month,  the  lock  utilization  was  greater  than  98T,  average  vessel 
waiting  time  was  29.7  hours  upbound  and  11.8  hours  downbound, 
and  average  queue  length  was  20.9  ships  upbound  and  11.3  ships 
downbound.  The  lock  utilization,  average  vessel  waiting  time, 
and  average  queue  length  are  shown  on  Figure  6.12. 

6. 3. 2. 3  St.  Lawrence  River  -  After  increasing  ship's 
speed  entering  the  locks  upon  reaching  capacity  in  2006,  capa¬ 
city  at  the  St.  Lawrence  River  Locks  was  delayed  until  2Ci0. 

The  amount  of  cargo  passing  through  the  St.  Lawrence  River 
Locks  at  capacity  in  2010  was  96,198,000  short  tons,  "his  is 
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an  increase  of  3,672,000  short  tons  or  4.0-  over  the  base  case 
capacity  in  2006  of  92,525,000  short  tons. 


Most  of  the  tonnage  increase  through  the  St.  Lawrence 
River  from  2006  to  2010  was  in  general  cargo,  other  bulk,  iron 
ore,  and  grain.  General  cargo  increased  7.0‘':‘,  other  bulk  in¬ 
creased  4.4:-,  iron  ore  increased  3.90,  and  grain  increased 
2.8'.. 


The  total  number  of  ships  operating  through  the  St. 
Lawrence  River  increased  10.90,  from  143.4  ships  in  2006  to 
159.1  ships  in  2010.  The  composite  ship  class  for  the  St. 
Lawrence  River  fleet  did  not  change  during  that  period,  remain¬ 
ing  at  composite  class  6.1.  The  St.  Lawrence  River  fleet  mix 
is  shown  on  Figure  6.13. 

The  total  number  of  transits  through  the  St.  Lawrence 
River  Locks  increased  11.00,  from  7,429  transits  in  2006  to 
8,247  transits  in  2010.  The  percent  loaded  transits  increased 
only  slightly  from  70.00  in  2006  to  70.20  in  2010. 

At  capacity  in  2010  the  constraining  lock  in  the  St. 
Lawrence  River  had  an  average  lock  utilization  of  91.90  over 
the  peak  months  of  May  through  November.  During  July,  the  most 
severe  month,  lock  utilization  was  greater  than  98.00,  the 
average  vessel  waiting  time  was  30.6  hours  upbound  and  30.7 
hours  downbound,  and  the  average  queue  length  was  24.2  ships 
both  upbound  and  downbound.  The  lock  utilization,  average 
vessel  waiting  time,  and  average  queue  length  for  the  con¬ 
straining  lock  on  the  St.  Lawrence  River  are  shown  on  Figure 
6.14. 


6 . 4  Decrease  Lock  Chambering  Time 
6.4.1  Lock  Improvement 

Chambering  time,  as  was  defined  in  Section  5.3.2,  consists 
of  several  components,  two  of  which  include  chamber  dump/fill 
times  and  chamber  exit  tines.  Locking  time  could  be  reduced  by 
reducing  these  times.  To  reduce  the  dump/fil1  time,  the  hydraulic 
system  of  the  lock  would  be  remodeled  or  replaced.  The  flow 
rate  through  the  culverts  and  the  intake  and  outlet  ports  would 
be  increased.  The  valves  would  be  modified  to  open  and  close 
faster.  Exit  times  could  be  reduced  by  providing  longitudinal 
hydraulic  assistance  for  ships  exiting  downstream.  Water  would 
be  allowed  to  enter  the  chamber  through  the  filling  ports  from 
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the  upstream  side  to  hydraul leal ly  assist  the  exit  of  downbound 
vessels.  Implementation  of  this  alternative  would  decrease  the 
lock  chambering  times  and  thereby  reduce  the  lock  cycle  time. 

Chambering  time  is  approximately  15:^^  of  the  total  locking 
time  at  the  Welland  Canal  Locks,  and  approximately  lOt  of  the 
total  locking  time  at  the  Soo  and  St.  Lawrence  River  Locks. 

By  expanding  the  hydraulics  of  the  locks,  chambering  could  con¬ 
ceivably  be  reduced  10"o  at  the  Soo  and  St.  Lawrence  River  and  15. 
at  the  Welland  Canal.  The  correspondi ng  reduction  in  total 
locking  time  would  be  l"o  at  the  Soo  and  St.  Lawrence  River  Locks 
and  2. ST  at  the  Welland  Locks.  Downstream  longitudinal  hydraulic 
assistance  could  be  expected  to  reduce  the  downstream  locking 
time  an  additional  4.5 o  at  the  Soo  and  St.  Lawrence  River  Locks 
and  2.5'^  at  the  Welland  Canal.  Chambering  times  can  be  improved 
more  at  the  Welland  Canal  Locks  which  have  smaller  capacity  dump/ 
fill  culverts  than  at  the  Soo  and  St.  Lawrencr  River  Locks.  Down¬ 
stream  longitudinal  hydraulic  assitance  will  rediice  exit  times 
more  at  the  Soo  and  St.  Lawrence  River  Locks,  where  it  is  not 
in  use  at  the  constraining  lock,  than  at  the  Welland  Locks  where 
it  is  used  to  some  extent. 

6.4.2  Results  of  Capacity  Simulation  Using  Decreased  Lock 

Chambering  Times 

6.4.2. 1  Soo  Locks  -  With  implementation  of  a  revised 
hydraulic  system  and  downstream  longitudinal  hydraulic  assistance 
at  the  Soo  Locks  when  capacity  was  reached  in  2006,  the  capacity 
condition  was  delayed  until  2010.  At  capacity  with  the  reduced 
chambering  times  in  2010,  the  amount  of  cargo  processed  through 
the  Soo  Locks  was  182,250,000  short  tons.  This  is  an  increase 
of  8,511,000  short  tons  or  4.9,0  over  the  173,739,000  short  tons 
processed  through  the  locks  in  2006. 

Most  of  the  increase  in  cargo  between  2006  and  2010  was 
in  iron  ore  and  grain.  Iron  ore  increased  5.6'^,  while  grain 
increased  3. 1 v. 

The  number  of  vessels  in  the  Soo  Locks  fleet  increased 
3.8'o,  from  154.3  ships  in  2006  to  160.1  ships  in  2010.  The 
composite  ship  class  for  the  Soo  fleet  increased  slightly  from 
7.0  to  7.1  due  to  slight  increaces  in  the  sizes  of  the  ore,  coal, 
and  stone  fleets.  A  slight  gain  in  capacity  was  realized  from 
this  increase.  The  Soo  fleet  mix  from  1978  to  2010  is  shown  on 
Figure  6.15. 
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The  total  number  of  transits  through  the  Soo  Locks  in¬ 
creased  3.9t,  from  10,825  transits  in  2006  to  11,246  transits 
in  2010.  The  percent  loaded  transits  remained  constant  at  55.7. 
from  2006  to  2010. 

Capacity  at  the  Soo  was  reached  by  both  the  Poe  and  Mac- 
Arthur  Locks  in  2010.  The  Poe  Lock  had  an  average  lock  utili¬ 
zation  during  the  peak  months  of  May  through  November  of  91. 6L. 
During  the  most  severe  traffic  month,  October,  lock  utilization 
was  92. O",  the  average  vessel  waiting  time  was  3.7  hours  upbound 
and  14.7  hours  downbound,  and  the  average  queue  length  was  0.9 
ships  upbound  and  5.1  ships  downbound.  Lock  utilization,  average 
vessel  waiting  time,  and  average  queue  length  for  the  Poe  Lock 
are  given  on  Figure  6.16. 

The  MacArthur  Lock  had  an  average  lock  utilization  of  92.1 
during  the  peak  months  of  May  through  November.  During  the 
period  of  peak  traffic  in  May,  the  MacArthur  Lock  had  a  lock 
utilization  of  93.0%,  average  vessel  waiting  time  of  0.3  hours 
upbound  and  7.9  hours  downbound,  and  average  queue  length  of 
0.03  ships  upbound  and  6.3  ships  downbound.  Lock  utilization, 
average  vessel  waiting  time,  and  vessel  queue  length  for  the 
MacArthur  Lock  are  given  on  Figure  6.17. 

6. 4. 2. 2  VIelland  Canal  -  After  improving  the  hydraulic 
system  and  adding  downstream  longitudinal  hydraulic  assistance 
at  the  original  capacity  condition  in  1981,  the  Welland  Canal 
again  reached  capacity  in  1983.  At  capacity  in  1983  a  total  of 
78,839,000  short  tons  of  cargo  were  processed  through  the  Welland 
Canal.  This  is  an  increase  of  3,641,000  short  tons,  or  4. ST, 
over  the  75,198,000  short  tons  of  cargo  that  passed  through  the 
locks  in  1981. 

The  commodities  that  realized  the  largest  increases  in 
cargo  rrom  1981  to  1983  were  general  cargo  and  grain.  General 
cargo  increased  16.73  and  grain  increased  3.53. 

The  number  of  ships  in  the  Welland  Canal  fleet  increased 
4.2';,  from  130.4  ships  in  1981  to  135.9  ships  in  1983.  The 
composite  ship  class  fcr  the  Welland  Canal  fleet  mix  is  shown 
on  Figure  6.18. 

The  total  number  of  transits  through  the  Welland  Canal 
increased  3.1';,  from  7,268  transits  in  1981  to  7,496  transits 
in  1983.  The  percent  loaded  transits  increased  from  64.7  in 
1981  to  54.23  in  1983  causing  a  slight  increase  in  capacity  due 
to  a  reduction  in  ballasted  transits. 
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Lock  utilization  at  the  constraining  lock  on  the  Wellana 
Canal  at  capacity  in  1983  was  an  average  of  94. 4L  over  the  peak 
months  of  May  through  November.  During  July,  the  most  severe 
month,  the  lock  utilization  was  greater  than  98'-,  and  average 
vessel  waiting  time  was  34.9  hours  upbound  and  18.1  hours  down- 
bound.  The  average  queue  length  was  24.2  ships  upbound  and  12.7 
ships  downbound.  The  lock  utilization,  average  vessel  waiting 
time,  and  average  queue  length  are  shown  on  Figure  6.19. 

6. 4. 2. 3  St.  Lawrence  River  -  With  implementation  of 
revised  hydraulic  systems  and  downstream  longitudinal  hydraulic 
assistance  upon  reaching  capacity  in  2006,  capacity  on  the  St. 
Lawrence  River  Locks  was  delayed  until  2010.  The  amount  of 
cargo  processed  through  the  St.  Lawrence  River  Locks  at  capacity 
in  2010  was  96,353,000  short  tons.  This  is  an  increase  of 
3,827,000  short  tons  or  4.1-7  over  the  base  case  capacity  in 
2006  of  92,526,000  short  tons. 

Most  of  the  tonnage  increase  through  the  St.  Lawrence 
River  from  2006  to  2010  was  spread  among  general  cargo,  other 
bulk,  iron  ore,  and  grain.  General  cargo  increased  7.1  , 
other  bulk  increased  4.67,  iron  ore  increased  3.97,  and  grain 
i ncreased  3. 1 7. 

The  total  number  of  ships  operating  through  the  St. 
Lawrence  River  increased  10.97,  from  143.4  ships  in  2006  to 
159.1  ships  in  2010.  The  composite  ship  class  for  the  St. 
Lawrence  River  fleet  remained  constant  at  composite  class  6.1. 
Capacity  of  the  St.  Lawrence  River  Locks  was  not  increased  by 
an  increase  in  ship  size.  The  St.  Lawrence  River  fleet  mix  is 
shown  on  Figure  6.20. 

The  total  number  of  transits  through  the  St.  Lawrence 
River  Locks  increased  11.07,  from  7,429  transits  in  2006  to 
8,246  transits  in  2010.  The  percent  loaded  transits  increased 
slightly  from  70.07  in  2006  to  70.27  in  2010,  giving  a  slight 
capacity  increase  due  to  a  reduced  fraction  of  ballasted  tran¬ 
sits. 


At  capacity  in  2010  the  constraining  lock  in  the  St. 
Lawrence  River  had  an  average  lock  utilization  of  91. 9\  over 
the  peak  months  of  May  through  November.  During  July,  the  most 
severe  month,  lock  utilization  was  greater  than  98. O'-,  the 
average  vessel  waiting  time  was  30.6  hours  upbound  and  15.7  hours 
downbound,  and  the  average  queue  length  was  24.1  ships  upbound 
and  12.4  snips  downbound.  The  lock  utilization,  average  vessel 
waiting  time,  and  average  queue  length  for  the  constraining  lock 
on  the  St.  Lawrence  River  are  shown  on  Figure  6.21. 
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The  proposed  traffic  control  system  would  consist  of  a 
central,  computer  run  control  point  for  each  of  the  three  lock 
systems.  Information  concerning  all  of  the  ships  approaching  or 
in  the  lock  system  would  be  input.  The  system  would  plan  ship 
arrivals  at  the  lock  to  reduce  lock  approach  times.  Ship 
meetings  at  restricted  channel  sections  would  also  be  planned  to 
increase  safety.  Instructions  would  be  relayed  to  the  ship 
captains  by  radio  from  lock  traffic  controllers  at  the  central 
control  station.  The  proposed  traffic  control  system  would  be 
designed  to  reduce  delays  in  lock  approaches  and  would  allow 
faster  responses  by  the  lock  operators  in  the  locking  operation. 

Approach  time  is  approximately  20':^  of  the  total  locking 
time  at  the  Soo  and  St.  Lawrence  River  Locks,  and  25’:  of  the 
total  at  the  Welland  Canal  Locks.  The  proposed  traffic  control 
system  would  have  the  potential  to  reduce  approach  times  approx¬ 
imately  22::.  at  the  Soo  and  St.  Lawrence  R'^ver,  and  approximately 
12''':  at  the  Welland  Canal.  It  is  estimated  that  total  locking 
times  would  correspondingly  be  reduced  4.5T  at  the  Soo  and  St. 
Lawrence  River  Locks,  and  3.0'.  at  the  Welland  Locks.  The  pro¬ 
posed  control  system  would  reduce  locking  times  more  at  the  Soo 
and  St.  Lawrence  River  because  the  present  means  of  traffic 
control  at  these  locks  are  less  sophisticated  than  that  in  use 
at  the  Welland  Canal.  It  is  judged,  however,  that  the  system 
in  use  at  the  Welland  also  has  potential  for  some  improvement. 

6.5.2  Results  of  Capacity  Simulation  Using  Traffic  Control 

System  at  the  Locks 

6. 5. 2.1  Soo  Locks  -  With  implementation  of  a  traffic 
control  system  at  the  Soo  Locks  when  capacity  was  reached  in 
2006,  the  capacity  condition  was  delayed  until  2010.  At  caoacity 
wili.  Che  traffic  control  system  implemented,  the  amount  of  cargo 
processed  through  the  Soo  Locks  was  182,250,000  short  tons.  This 
is  an  increase  of  8,511,000  short  tons  or  4.9A  over  the  173,739,000 
short  tons  processed  through  the  lock  in  2006. 

Most  of  the  increase  in  cargo  between  2006  and  2010  came 
in  iron  ore  and  grain.  Iron  ore  increased  5.6  and  grain  in¬ 
creased  3.1;. 

The  number  of  vessels  in  the  Soo  Locks  fleet  increased 
3.7':,  from  154.3  ships  in  2006  to  160.0  ships  in  2010,  The 


composite  ship  class  for  the  Soo  fleet  increased  slightly  from 
7.0  in  2006  to  7.1  in  2010.  A  slight  increase  in  capacity  was 
realized  due  to  the  small  increase  in  ship  size.  The  Soo 
fleet  mix  from  1978  to  2010  is  shown  in  Figure  6.22. 

The  total  number  of  transits  through  the  Soo  Locks  in¬ 
creased  2.9%,  from  10,825  transits  in  2006  to  11,246  transits 
in  2010.  The  percent  loaded  transits  remained  constant  at  55. 8T; 
therefore,  there  was  no  capacity  increase  due  to  a  reduced 
fraction  of  empty  backhauls. 

Capacity  at  the  Soo  was  reached  by  both  the  Poe  and  Mac- 
Arthur  Locks  in  2010.  The  Poe  Lock  had  an  average  lock  utili¬ 
zation  during  the  peak  months  of  May  through  November  of  91.67. 
During  the  most  severe  month,  October,  the  lock  utilization 
was  92. OT,  the  average  vessel  waiting  time  was  3.2  hours  upbound 
and  15.0  hours  downbound,  and  the  average  queue  length  was  0.8 
ships  upbound  and  5.2  ships  downbound.  Lock  utilization,  average 
vessel  waiting  time,  and  average  queue  length  for  the  Poe  Lock 
are  given  on  Figure  6.23. 

The  MacArthur  Lock  had  an  average  lock  utilization  of 
92. 3T  during  the  peak  months  of  May  through  November.  During 
the  most  severe  month.  May,  lock  utilization  was  94. OL,  average 
vessel  waiting  time  was  0.3  hours  upbound  and  10.8  hours  down- 
bound,  and  average  queue  length  was  0.03  ships  upbound  and  6.9 
ships  downbound.  Lock  utilization,  average  vessel  waiting  time, 
and  average  queue  length  for  the  MacArthur  Lock  are  given  on 
Figure  6.24. 

6. 5.2.2  Welland  Canal  -  After  implementation  of  a  traffic 
control  system  at  the  original  capacity  condition  in  1981,  the 
Welland  Canal  again  reached  capacity  in  1983.  At  capacity  in 
1983  a  total  of  78,735,000  short  tons  of  cargo  were  processed 
through  the  Welland  Canal.  This  is  an  increase  of  3,536,000 
short  tons  or  4.7T  over  the  75,198,000  short  tons  of  cargo 
processed  through  the  locks  in  1981. 

The  commodities  that  had  the  largest  increases  in  cargo 
from  1981  to  1983  were  general  cargo  and  grain.  General  cargo 
increased  16.57  and  grain  increased  4.9' . 

The  number  of  ships  in  the  Welland  Canal  fleet  increased 
4.27,  from  130.4  ships  in  1981  to  135.9  ships  in  1983.  The 
composite  ship  class  for  the  Welland  Canal  fleet  remained  at 
6.0.  Lock  capacity  was  therefore  not  increased  as  the  result  of 
increasing  ship  size.  The  Welland  Canal  fleet  mix  is  shown  on 
Figure  6.25. 
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FIGURE  6.22  SOO  FLEET  MIX  -  TRAFFIC  CONTROL  SYSTEM 
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FIGURE  6.23  TRAFFIC  CONTROL  SYSTEM,  POE  LOCK  -  QUEUE  LENGTH, 
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FIGURE  6.24  TRAFFIC  CONTROL  SYSTEM,  MacARTHUR  LOCK  -  QUEUE  LENGTH 
WAITING  TIME,  ^  UTILIZATION;  25.5  FOOT  DRAFT 
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FIGURE  6.25  WELLAND  CANAL  FLEET  MIX  -  TRAFFIC  CONTROL  SYSTEM 


The  total  number  of  transits  through  the  Welland  Canal 
increased  3. IT,  from  7,268  transits  in  1981  to  7,496  transits 
in  1983.  The  ratio  of  loaded  transits  to  total  transits  in¬ 
creased  slightly  from  64. 7T  in  1981  to  65. 2T  in  1983.  Lock  capa¬ 
city  increased  slightly  because  of  the  reduction  in  the  number 
of  ballasted  transits. 

Lock  utilization  at  the  constraining  lock  on  the  Welland 
Canal  at  capacity  in  1983  was  an  average  of  94. 9T  over  the  peak 
months  of  May  through  November.  During  July,  the  most  severe 
month,  the  lock  utilization  was  greater  than  98.0':-  ,  average 
vessel  waiting  time  was  35.1  hours  upbound  and  34.6  hours  down- 
bound,  and  average  queue  length  was  -24.2  ships  both  upbound  and 
downbound.  The  lock  utilization,  average  vessel  waiting  time, 
and  average  queue  length  are  shown  on  Figure  6.26. 

6. 5. 2. 3  St.  Lawrence  River  -  With  the  implementation  of 
a  traffic  control  system  upon  reaching  capacity  in  2006,  capa¬ 
city  on  the  St.  Lawrence  River  Locks  was  delayed  until  2012. 

The  amount  of  cargo  processed  through  the  St.  Lawrence  Locks  at 
capacity  in  2012  was  97,789,000  short  tons.  This  is  an  increase 
of  5,263,000  short  tons,  or  5.7T,  over  the  base  case  capacity 
in  2006  of  92,526,000  short  tons. 

Most  of  the  tonnage  increase  through  the  St.  Lawrence 
River  from  2006  to  2012  was  from  other  bulk,  iron  ore,  and 
grain.  Other  bulk  increased  7. 53,  iron  ore  increased  6.33,  and 
grain  increased  4.8T. 

The  total  number  of  ships  operating  through  the  St. 
Lawrence  River  increased  17.63,  from  143.4  ships  in  2006  to 
161.0  ships  in  2012.  The  composite  ship  class  for  the  St. 
Lawrence  River  fleet  remained  constant  at  6.1.  No  capacity 
increase  was  therefore  realized  from  increased  ship  size.  The 
St.  Lawrence  River  fleet  mix  is  shown  on  Figure  6.27. 

The  total  number  of  transits  through  the  St.  Lawrence 
River  Locks  increased  12. 7-,  from  7,429  transits  in  2006  to 
8,373  transits  in  2012.  The  percentage  loaded  transits  remained 
constant  from  2006  to  2012  at  70.0.  Capacity  was  therefore  not 
increased  from  reducing  the  percentage  of  ballasted  transits. 

At  capacity  in  2012  the  constraining  lock  in  the  St. 
Lawrence  River  had  an  average  lock  utilization  of  91.0  over 
the  peak  months  of  May  through  November.  During  July,  the  most 
severe  month,  lock  utilization  was  greater  than  98  J  ,  the 
average  vessel  waiting  time  was  30.0  hours  upbound  and  26.7  hours 
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downbound,  and  the  average  queue  length  was  24.2  ships  upbound 
and  21.5  ships  downbound.  The  lock  utilization,  average  vessel 
waiting  time,  and  average  queue  length  for  the  constraining  lock 
on  the  St.  Lawrence  River  are  shown  on  Figure  6.2S. 


6.6  Non-Structural  Alternatives  to  Maximum  Utility 
6.6.1  Lock  Improvement 


The  term  “Non«Structural  Alternatives  to  Maximum  Utility" 
refers  to  the  combination  of  the  preceding  non-structural  alter¬ 
natives  selected  in  a  way  that  shows  potential  for  providing  tne 
greatest  increase  in  lock  system  capability  and  that  accounts  for 
mutually  exclusive  contributions  to  lockage  time  reduction.  For 
any  given  fleet  level,  capacity  will  be  increased  when  ships  can 
be  processed  through  the  system  more  quickly.  Specifically, 
system  effectiveness  is  a  function  of  locking  times. 

The  locking  operation  can  be  considered  as  a  series  of 
discrete  events  each  of  which  requires  a  certain  amount  of  time 
to  perform.  Each  of  the  four  non-structural  alternatives  reduces 
the  time  it  takes  to  perform  one  event.  Traveling  kevels  and 
increased  ship  speed  reduce  the  entrance  time.  Reduced  dump/ 
fill  times  and  downstream  longitudinal  hydraulic  assistance 
decrease  chambering  time.  The  traffic  control  system  reduces 
approach  time. 

Traveling  kevels  provide  the  largest  capacity  increase 
of  all  the  individual  non-structural  alternatives  and  therefore 
were  included  in  the  non-structural  improvements  to  maximum 
utility.  Since  the  ship  entering  the  exiting  the  lock  will  be 
under  the  control  of  the  traveling  kevels,  the  alternatives  of 
increasing  ship  speed  into  the  lock  and  downstream  longitudinal 
hydraulic  assistance  are  excluded  as  independent  contributions 
toward  the  reduction  of  lockage  time.  The  capacity  gain  from 
traveling  kevels  is  greater  than  the  gain  for  the  combination 
of  the  alternatives  of  i ncreased  shi p speed  and  downstream 
longitudinal  hydraulic  assistance . 

The  three  remaining  non-structural  improvements  of  travel¬ 
ing  kevels,  reduce  dump/fill  times  and  traffic  control  systems 
are  independent  and  may,  therefore,  all  be  implemented  together. 
Since  each  reduces  a  different  component  of  the  locking  time, 
their  locking  time  improvements  are  additive.  The  combination 
of  the  three  improvements  have  therefore  been  selected  as  the 
non-structural  alternatives  implemented  to  maximum  utility. 
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At  the  Soo  Locks,  traveling  kevels  reduce  locking  ti^ne 
7.5-.,  decreased  duir^p'fill  time  reduces  locking  time  and 

the  traffic  control  system  reduces  locking  time  4.5  .  Imple¬ 
mented  together,  these  alternatives  reduce  locking  times  at  the 
boo  Locks  by  13  . 

At  the  Welland  Canal,  traveling  kevels  reduce  locking 
time  7.5.,  decreased  dump/fill  time  decreases  locking  time  2.5  , 
and  the  traffic  control  system  reduces  loc^ing  time  3.0'.  Imple¬ 
mented  together,  these  alternatives  reduce  locking  times  at  tne 
Wei  land  Canal  by  13'.. 

At  the  St.  Lawrence  River  Locks,  traveling  kevels  reduce 
locking  time  7.5‘,  decreased  dump/fill  time  reduces  locking 
time  1.0  ,  and  the  traffic  control  system  reduces  locking  tine 
4.5..  Implemented  together,  these  alternatives  reduce  locking 
times  at  the  St.  Lawrence  River  Locks  by  13.0  . 

6.6.2  Results  of  Capacity  Simulation 

6. 6. 2.1  Soo  Locks  -  By  implementing  the  non-structural 
improvements  at  the  Soo  Locks  to  maximum  utility,  the  capacity 
condition  was  delayed  from  2006  under  base  conditions  to  201£. 

At  capacity  in  2018  the  amount  of  cargo  processed  through  the 
Soo  Locks  was  196,766,000  short  tons.  This  is  an  increase  of 
23,072,000  short  tons  or  13.3'  over  the  173,739,000  short 
tons  that  passed  through  the  Soc  Locks  in  2006. 

Most  of  the  increases  in  tonnage  between  2006  and  2010 
came  in  iron  ore  and  grain.  Iron  ore  increased  17.3',  and  grain 
increased  9.3.. 

The  number  of  vessels  in  the  fleet  operating  through  the 
Soo  Locks  increased  9.7.,  from  154.3  ships  in  2006  to  169.3 
snips  in  2018.  The  composite  ship  class  for  the  Soo  fleet  in¬ 
creased  only  slightly,  from  7.0  in  2006  to  7.1  in  2018,  indi¬ 
cating  very  little  increase  in  lock  capacity  due  to  an  increase 
in  ship  sizes.  The  Soo  fleet  mix  from  1978  to  2018  is  shown 
on  Figure  6.29 . 

The  total  number  of  transits  through  the  Soo  Locks  in¬ 
creased  9.1L,  from  10,825  transits  in  2006  to  11,806  transits 
in  2018.  The  ratio  of  loaded  to  total  transits  did  not  increase 
significantly  between  the  55. 7T  in  2006  and  the  56.1'-  in  2018. 
Since  the  fleet  size  did  not  increase  significantly  and  the  per¬ 
centage  of  empty  transits  was  not  reduced  significantly,  it  can 
be  concluded  that  almost  all  of  the  increase  in  tonnage  capacity 
was  gained  from  the  13L  reduction  in  locking  time  due  to  imple¬ 
menting  the  non-structural  alternatives. 
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Capacity  was  reached  at  the  Poe  Lock  in  201S,  The  Poe 
Lock  had  an  average  lock  utilization  during  the  peak  months  of 
May  through  November  of  90.0..  During  the  most  congested  montn, 
May,  the  lock  utilization  was  90  ,  the  average  waiting  time  was 
3.9  hours  upbound  and  11.3  hours  downbound,  and  the  average  queue 
length  was  1.0  vessels  upbound  and  4.0  vessels  downbound.  The 
lock  utilization,  average  vessel  waiting  time,  and  average  queue 
length  for  the  Poe  Lock  are  given  in  Figure  6.30.  The  MacArthur 
Lock  did  not  reach  capacity  for  this  period  of  time. 

6.6.2. 2  Wei  land  Canal  -  After  implementation  of  the  non- 
structural  alternatives  to  maximum  utility  at  capacity  in  1981, 
the  Welland  Canal  reached  capacity  again  in  1996.  At  capacity 
in  1996  a  total  of  88,598,000  short  tons  of  cargo  were  pro¬ 
cessed  through  the  Welland  Canal.  This  is  an  increase  of 

1  3,400,000  short  tons  or  17.8’-  over  the  75,198,000  short  tons 
processed  through  the  Welland  Canal  at  capacity  in  1981. 

The  major  increases  in  cargo  came  in  other  bulk,  iron 
ore,  and  grain.  Other  bulk  increased  22.4  ,  iron  ore  increased 
21.3.,  and  grain  increased  17. 4\. 

The  number  of  ships  in  the  Welland  Canal  fleet  increased 
12.7':,  from  130.4  ships  in  1981  to  147.0  ships  in  1996.  The 
composite  ship  class  for  the  Welland  Canal  fleet  increased 
somewhat  from  6.0  to  6.2;  however,  major  increases  in  composite 
iron  ore  and  coal  ship  classes  occurred.  The  composite  iron  ore 
ship  increased  from  6.1  to  6.8  and  the  composite  coal  ship  in¬ 
creased  from  6.0  to  6.8.  The  Welland  Canal  fleet  mix  is  shown 
on  Figure  6.31 . 

The  total  number  of  transits  through  the  Welland  Canal 
increased  11. V:  from  7,268  transits  in  1981  to  8,075  transits  in 
1996.  However,  the  percent  loaded  transits  decreased  from  64.7 
in  1981  to  63.9'.:  in  1996,  causing  a  slight  decrease  in  capacity. 

Lock  utilization  at  the  constraining  lock  on  the  Welland 
Canal  at  capacity  in  1996  was  an  average  of  91. 7t  during  the  peak 
months  of  May  through  November.  During  July,  the  most  severe 
month,  lock  utilization  was  97:.,  average  waiting  time  was  19.1 
hours  upbound  and  9.8  hours  downbound,  and  average  queue  length 
was  14.4  vessels  upbound  and  7.4  vessels  downbound.  The  lock 
utilization,  average  waiting  time,  and  average  queue  length  for 
the  Welland  Canal  are  shown  on  Figure  6.32. 

6. 6. 2. 3  St.  Lawrence  River  -  With  implementation  of  the 
non-structural  alternatives  to  maximum  utility,  capacity  was 
reached  in  the  St.  Lawrence  River  Lock  System  in  2024.  The 
amount  of  cargo  processed  through  the  locks  at  capacity  in  2024 
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was  108,597,000  short  tons.  This  is  an  increase  of  16,071,000 
short  tons  or  17. 4\  over  the  base  case  capacity  in  2006  of 
92,526,000  short  tons. 

Most  of  the  tonnage  increase  was  in  other  bulk,  iron  ore, 
and  grain.  Other  bulk  increased  24.8  ,  iron  ore  increased  19.4., 
and  grain  increased  14.1.. 

The  total  number  of  ships  in  the  St.  Lawrence  River  fleet 
increased  25.0:'.,  from  143.4  ships  in  2006  to  179.2  ships  in  2024. 
The  composite  ship  class  remained  constant  at  6.1  from  2006  to 
2024,  indicating  that  the  overall  fleet  size  did  not  change  with 
time.  No  additional  capacity  was  realized  through  the  construc¬ 
tion  of  larger  ships.  The  St.  Lawrence  River  fleet  mix  is  shown 
on  Figure  6.33. 

The  total  number  of  transits  through  the  St.  Lawrence 
River  Locks  increased  25. 8^,  from  7,429  transits  in  2006  to 
9,345  transits  in  2024.  The  ratio  of  loaded  to  total  transits 
remained  constant  from  2006  to  2024.  Both  the  composite  ship 
size  and  the  loaded  to  total  transit  ratio  remained  constant, 
indicating  that  the  entire  capacity  expansion  was  gained  through 
the  decreased  locking  times. 

In  2024  the  constraining  lock  in  the  St.  Lawrence  River 
had  an  average  lock  utilization  of  93.0'  over  the  peak  months 
of  May  through  November.  During  July,  the  most  severe  month, 
lock  utilization  was  greater  than  98.,  the  average  vessel  waiting 
time  was  27.3  hours  upbound  and  27.5  hours  downbound,  and  the 
average  queue  length  was  24.2  ships  upbound  and  downbound.  The 
lock  utilization,  average  waiting  time,  and  average  queue  length 
for  the  constraining  lock  on  the  St.  Lawrence  River  are  shown 
on  Figure  6.34. 


6 . 7  Summary  of  the  Impact  of  Non-Structural  Alternatives 
on  Lock  Capacity 


Subsections  6.2  through  6.6  of  this  report  discussed  in 
detail  the  impact  of  each  non-structural  alternative  on  lock 
system  capacity.  Fleet  mix  and  queuing  information  for  each 
lock  system  and  each  alternative  were  presented  both  graphically 
and  in  the  text.  This  section  summarizes  the  results  of  these 
analyses  and  discusses  the  capacity  relief  generated  by  the 
alternatives. 


Several  parameters  can  be  used  to  indicate  the  effective¬ 
ness  of  implementing  a  capacity  expansion  measure.  As  an  overall 
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indicator  of  effectiveness,  the  additional  cargo  tonnage  pro¬ 
cessed  through  the  locks  as  a  result  of  implementing  the  expansion 
measure  may  be  the  most  useful.  Lock  operators  may  use  the 
increase  in  the  number  of  transits  per  day  through  the  lock  re¬ 
sulting  from  implementing  a  capacity  expansion  measure  as  an 
indicator  of  effectiveness  because  ballasted  ships  require  as 
much  effort  to  lock  through  as  loaded  ships.  Fleet  operators 
might  measure  the  effectiveness  of  a  capacity  expansion  alter¬ 
native  by  the  reduction  in  vessel  waiting  time  the  alternative 
provides . 

Waiting  time  reductions  due  to  capacity  expansion  measures 
are  temporary.  As  the  demand  for  service  grows  and  the  capacity 
of  the  lock  system  is  again  approached,  waiting  times  will  in¬ 
crease  to  the  same  levels  that  existed  before  the  measure  was 
implemented.  However,  in  the  interim,  the  system  has  served 
its  customers  effectively  at  below-capaci ty  conditions.  Tonnage 
and  number  of  transits  are  permanent  gains  provided  by  the  capa¬ 
city  expansion  measures.  Therefore,  these  two  parameters  are 
used  in  this  summary  as  a  basis  for  comparing  the  non-structural 
alternatives.  Tonnage  and  the  number  of  transits  at  capacity  for 
each  of  the  non-structural  alternatives  are  summarized  in 
Table  6.2.  Waiting  times  were  shown  graphically  on  the  queuing 
information  figures  that  accompany  the  discussion  of  the  capacity 
analyses  for  each  alternative. 

It  can  be  seen  from  Table  6.2  that  traveling  kevels  have 
the  best  gains  in  tonnage,  number  of  transits,  and  years  until 
capacity  is  again  reached  at  all  of  the  locks  comnared  to  the 
other  individual  non-structural  alternatives.  This  is  to  be 
expected  since  traveling  kevels  would  reduce  locking  times  more 
than  any  of  the  other  alternatives  considered  in  this  study. 

From  Table  6.2  it  can  be  seen  that  the  remaining  individual 
non-structural  alternatives  rank  in  different  positions  at  each 
lock  system.  Decreasing  the  lock  chambering  time  and  the  local 
traffic  control  system  rank  identically  second  at  the  Soo. 
Increasing  the  ship  speed  into  the  locks  is  the  second  best 
alternative  in  terms  of  capacity  increase  at  the  Welland  Canal. 

At  the  St.  Lawrence  River,  the  local  traffic  control  system 
yields  the  second  best  capacity  improvement  of  the  individual 
alternatives  considered. 

Implementing  the  non-structural  alternatives  to  maximum 
utility,  consisting  of  installing  traveling  kevels,  decreasing 
the  lock  dump/fill  times,  and  installing  a  local  traffic  control 
system  can  provide  a  greater  increase  in  capacity  than  is 
achieved  by  any  of  the  individual  non-structural  alternatives. 
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However,  the  total  increase  in  tonnage  at  capacity  is  less  than 
the  sum  of  the  tonnage  increases  for  the  individual  alternatives. 
This  is  due  to  the  fact  that  the  individual  alternative  lockage 
time  improvements  are  not  additive  for  the  non-structurals  to 
maximum  utility  case  and  because  other  factors  besides  locking 
time  also  affect  lock  system  capacity. 


7.  ANALYSIS  OF  STRUCTURAL  ALTERNATIVES 


7.1  Introduction 

Structural  alternatives  for  increasing  lock  capcity  con¬ 
sist  of  constructing  new,  larger  locks  or  increasing  the  depth 
of  existing  locks  and  channels.  In  this  study  five  structural 
scenarios  were  tested  to  determine  the  sensitivity  of  their 
effects  on  GL/SLS  System  capacity.  The  five  scenarios  specified 
by  the  Corps  of  Engineers  [8]  are  as  follows: 

1.  Operate  1350  x  115  foot  locks  after  the  system  has 
reached  capacity  with  the  non-structural s  to 
maximum  utility. 

2.  Operate  1460  x  145  foot  locks  after  the  system  has 
reached  capacity  with  the  non-structural s  to 
maximum  utility. 

3.  Allow  28  foot  ship  draft  after  the  system  reaches 
capacity  with  the  non-structural s  to  maximum 
util i ty . 

4.  Allow  32  foot  ship  draft  after  system  reaches 
capacity  with  the  non-structural s  to  maximum 
utility. 

5.  Limit  cargo  on  the  basis  of  a  capacity  condition 
with  non-structural s  to  maximum  utility  at  the 
Welland  Canal.  Operate  a  1350  x  115  ft  lock  at 
the  Soo  when  it  reaches  capacity. 

The  first  two  scenarios  tested  the  effect  of  larger  and 
wider  ships  on  the  capacity  of  the  GL/SLS  System.  In  Scenario 
1  locks  capable  of  handling  1100  x  105  foot  (Class  11)  ships 
were  built  at  each  of  the  three  lock  systems.  These  locks 
were  placed  in  service  when  capacity  was  reached  with  the  non- 
structurals  to  maximum  utility  alternative  described  in  the 
previous  section.  Scenario  2  tested  the  same  conditions  except 
that  the  new  locks  were  sized  to  handle  1200  x  130  foot  (Class 
12)  ships. 

The  next  two  scenarios  tested  the  effect  of  deeper  ship 
draft  on  lock  capacity.  First,  the  existing  locks  were  brought 
to  capacity  with  non-structural  alternatives  implemented  to  max¬ 
imum  utility.  Capacity  was  then  increased  again  by  allowing 
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ship  drafts  of  28  feet  in  Scenario  3  and  32  feet  in  Scenario 
4  without  a  change  in  maximum  allowable  ship  size. 


The  last  scenario  tested  the  effect  of  making  structural 
modifications  to  the  Soo  Locks  while  the  St.  Lawrence  Seaway 
Locks,  including  the  Welland  Canal,  were  not  changed.  New  cargo 
projections  were  prepared  by  the  Corps  of  Engineers  [10]  based 
on  the  Welland  Canal  reaching  capacity  with  non-structural 
alternatives  to  maximum  utility  in  1996.  The  tonnage  through 
the  Welland  Canal  was  held  constant  at  the  1996  capacity  tonnage, 
and  the  Soo  and  St.  Lawrence  River  tonnages  were  adjusted 
accordingly.  For  this  analysis,  a  1350  by  115  foot  lock,  cap¬ 
able  of  handling  Class  11  ships,  was  placed  in  operation  at  the 
Soo  after  capacity  was  reached  using  non-structural  alternatives 
to  maximum  utility  for  the  constrained  cargo.  Only  non- 
structural  improvements  were  implemented  at  the  Welland  and 
St.  Lawrence  River  Locks. 


7.2  Fleet  Mix  for  Structural  Alternatives 

This  section  estimates  shipbuilding  trends  to  meet  pro¬ 
posed  structural  changes  to  existing  GL/SLS  locks  systems.  As 
was  done  in  the  base  case,  past  shipbuilding  customs  and  com¬ 
modity  projections  were  used  to  estimate  the  perdent  of  each 
class  of  ship  that  would  be  built.  In  addition,  leading  ship¬ 
ping  industry  representatives  were  consulted.  In  particular, 
we  are  deeply  indebted  for  the  assistance  provided  by  David 
Buchanan,  Vice  President  of  the  Lake  Carriers  Association, 
and  to  John  Greenwood,  author  of  "Greenwood's  Guide  to  Great 
Lakes  Shipping". 

Structural  changes  to  existing  locks  systems  that  will 
affect  the  fleet  are  basically  building  larger  locks.  Given  a 
larger  lock  system,  one  must  then  determine  the  extent  to  which 
fleet  operators  will  acquire  the  largest  classes  of  ships  that 
can  use  these  systems.  This  study  analyzes  the  feasibility  of 
structural  change  alternatives;  one  that  would  permit  the  use 
of  1100  foot  ships  and  a  second  that  would  permit  the  use  of 
1200  foot  ships.  It  is  therefore  necessary  to  establish  a 
fleet  expansion  model  that  will  reflect  the  way  in  which 
fleet  operators  will  respond  to  these  expansions  in  the  physical 
size  of  the  locks. 

Considering  the  question  of  building  ships  1100  and  1200 
feet  long,  industry  representatives  do  not  believe  that  fleet 
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operators  will  go  the  larger  ships  as  they  did  the  1000  footers. 
There  is  no  present  demand  for  larger  ships,  therefore  industry 
representatives  do  not  believe  that  the  larger  ships  will  be 
built.  Historically  operators  have  built  larger  ships  as  larger 
locks  became  available;  however,  this  pattern  may  change 
because  of  the  increased  capital  costs  of  large  ships.  The 
cost  of  a  1000  footer  has  gone  up  from  35  to  70  million  dollars 
in  the  past  five  years.  Fleet  operators  may  determine  that 
the  cost  of  a  1100  or  1200  footer  is  so  high  that  the  ships 
would  not  be  justified  by  the  additional  cargo  they  could  car- 
[1^-  There  are  other  reasons  why  the  shift  to  Class  11  and 
12  ships  may  be  somewhat  restrained.  These  include: 

•  Size  of  dry  docks 

•  Design  strength  of  ships 

•  Reach  of  shoreside  machinery 

•  Service  facilities  of  commodity  terminals. 

The  first  1000  foot  laker  was  constructed  and  placrj  in 
service  in  1972,  just  four  years  after  completion  of  the  Poe 
Lock  in  1968.  Since  that  time  the  size  of  the  1000  foot  fleet 
has  increased  dramatically.  At  this  writing  (May  1981),  there 
are  thirteen  1000  foot  lakers  listed  in  "Greenwood's  Guide  to 
Great  Lakes  Shipping".  There  are,  however,  no  new  1000  foot 
vessels  on  order,  and  unless  current  trends  in  commodity  demand 
change,  there  will  be  no  additional  new  ship  construction  for 
the  U.S.  flag  dry  bulk  cargo  fleet  for  at  least  two  years  (1983). 
Only  modest  growth  in  cargo  is  expected  through  the  middle  of 
the  decade  or  until  the  rebuilding  of  the  U.S.  steel  industry 
is  in  full  swing  [12]. 

These  comments  are  presented  in  justification  of  the  plan 
for  the  fleet  expansion  presented  in  this  analysis.  The  GL/SLS 
System  capacity  expansion  scenarios  used  in  this  study  call  for 
increases  in  lock  size  to  accommodate  1100  foot  and  1200  foot 
ships.  Based  on  expected  shipbuilding  trends,  the  fleet  mix 
model  used  in  these  scenarios  shows  fleet  expansion  in  the 
largest  classes  of  ships,  but  not  at  the  rate  that  1000  foot 
ships  were  built  between  1972  and  1981.  Future  expansion  into 
the  largest  classes  of  ships  is  expected  to  be  somewhat  slower. 
Tables  7.1,  7.2,  and  7.3,  showing  the  expected  fleet  expansion 
patterns  for  the  1100  foot  vessel  scenario,  reflect  this  think¬ 
ing.  The  paragraphs  that  follow  the  tables  describe  some  of 
the  special  conditions  that  were  considered  to  determine  the 
percent  growth  in  each  ship  class.  Tables  7.4  and  7.5  show 
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TABLE  7.1  SOO  LOCKS  FLEET  GROWTH 
STRUCTURAL  ALTERNATIVE  1  -  GL/SLS  LOCKS  SYSTEMS 
EXPANDED  TO  ACCEPT  SHIPS.  1100  FEET  LONG  BY  105  FEET  WIDE 


OTHER  GENERAL 


CLASS 

ORE 

COAL 

STONE 

GRAIN 

BULK 

CARGO 

4 

0 

0 

0 

0 

30 

10 

5* 

10 

5 

40 

5 

60 

10 

6** 

0 

5 

0 

10 

0 

30 

7 

0 

10 

60 

5 

10 

0 

8 

10 

5 

0 

0 

0 

50 

9 

0 

0 

0 

0 

0 

0 

10 

60 

65 

0 

60 

0 

0 

11 

20 

10 

0 

20 

0 

0 

*  Class  5  and  6  lakers 
**  Ocean  class 


■  ■  Class  5  and  6  lakers  will  continue  to  be  built  because  of  port  re¬ 

strictions.  Ocean  Class  6  will  not  handle  ore.  Class  7  ships  will  tend  to 
drop  off  because  both  the  Welland  and  St.  Lawrence  River  will  handle  1100 
foot  ships.  Class  8  ships  will  continue  to  be  added  to  meet  specific  port 
situations.  New  growth  for  ore  will  be  mostly  Class  10  and  11  with  more  Class 
10' s  being  added  because  high  capital  costs  may  not  justify  adding  a  higher 
proportion  of  Class  11  ships. 

•  Coal  -  Some  coal  will  continue  to  be  carried  in  Class  5,  6,  and  8  ships  be¬ 
cause  of  special  port  situations.  Class  7  ships  will  continue  to  be  used  by 

Canadian  operators.  The  greatest  number  of  ships  added  will  be  for  Class  10 
and  11,  and  as  in  the  case  of  ore,  the  greatest  number  of  large  sl.ips  will 
be  Class  10. 

•  Stone  -  Stone  is  not  carried  by  the  largest  ships  and  is  not  carried  by 

foreign  ships.  Expansion  in  stone  capacity  is  therefore  split  between  laker 

Classes  5,  6,  and  7. 

•  Grain  -  Some  grain  is  expected  to  continue  to  be  shipped  in  laker  Class  5  and 
6  ships  shown  here  as  Class  5.  Some  grain  is  currently  shipped  in  foreign 
vessels  and  this  practice  is  expected  to  continue.  When  significant  increases 
in  the  demand  for  grain  occur,  grain  is  expected  to  be  carried  in  the  largest 
ships.  This  grain  may  be  carried  to  the  mouth  of  the  St.  Lawrence  River  for 
shipment  overseas.  Although  loading  facilities  for  Class  10  and  11  grain 
carriers  do  not  presently  exist,  it  is  likely  they  would  be  developed  to 

meet  a  significant  increase  in  demand. 

•  Other  Bulk  -  These  cargos  will  go  in  smaller  ships,  but  not  in  ocean  class 
ships.  If  demand  increases,  some  larger  ships  may  be  added. 

•  General  Cargo  -  Traffic  will  continue  in  salties  and  smaller  lakers,  with 
growth,  as  it  occurs  in  Class  8. 
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TABLE  7.2  WELLAND  CANAL  FLEET  GROWTH 
STRUCTURAL  ALTERNATIVE  1  -  GL/SLS  LOCKS  SYSTEMS 
EXPANDED  TO  ACCEPT  SHIPS  1100  FEET  LONG  BY  105  FEET  WIDE 


OTHER  GENERAL 

CLASS  ORE  COAL  STONE  GRAIN  BULK  CARGO 


4 

0 

0 

25 

0 

20 

10 

5* 

0 

0 

5 

0 

30 

10 

6** 

10 

5 

10 

15 

30 

40 

7 

10 

35 

60 

5 

20 

5 

8 

0 

10 

0 

0 

0 

30 

9 

0 

0 

0 

0 

0 

5 

10 

60 

40 

0 

60 

0 

0 

n 

20 

19 

0 

20 

0 

0 

*  Class 

5  and 

6 

lakers 

**  Ocean 

class 

Ore  -  When  the  locks 

are  expanded,  ore  shipments  in 

laker 

Class  5 

and  6  are 

expected  to  drop. 

Some  foreign 

ships 

will  continue 

to  be 

used  as 

will  some 

Class  7  ships 

for 

special  port 

situations.  Capacity 

'for 

additional  demand, 

however,  will 

be  met 

by  new  Class  10 

and  n  ships. 

Cod"  '  Coal  shipments  will  continue  in  Class  7  and  8  ships  to  meet  port  re¬ 
strictions.  If  heavy  demand  for  coal  develops  in  the  lakes,  fleet  operators 
can  be  expected  to  go  to  Class  10  and  11  ships. 


Stone  -  Stone  is  relatively  minor  commodity  that  presently  moves  in  smaller 
ships.  If  demand  increases,  some  stone  may  go  in  Class  7  ships,  but  it  is 
not  likely  to  go  in  larger  ships. 

Grai n  -  Currently  grain  is  carried  in  Class  7  ships.  If  the  locks  expand 
and  demand  remains  high,  grain  fleets  can  be  expected  to  shift  to  the  largest 
ships. 

Other  Bulk  -  There  is  presently  a  large  amount  of  coke  going  in  foreign  ships 
to  the  U.S.  Most  commodities  represented  in  other  bulk  are  minor  and  therefore 
thfc^e  cargos  are  not  expected  to  shift  to  larger  ships. 

General  Cargo  -  A  large  part  of  the  general  cargo  is  foreign  steel  coming  to 
ports  in  the  U.S.  Therefore  a  large  portion  of  general  cargo  growth  is  taken 
in  ocean  class  ships  with  some  expectation  of  expanding  into  larger  ships. 
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TABLE  7.3  ST.  LAWRENCE  RIVE!^  FLEET  GROWTH 
STRUCTURAL  ALTERNATIVES  1  -  GL/SLS  LOCKS  SYSTEMS 
EXPANDED  TO  ACCEPT  SHIPS  1100  FEET  LONG  BY  105  FEET  WIDE 


OTHER  GENERAL 


CLASS 

ORE 

COAL 

STONE 

GRAIN 

BULK 

CARGO 

4 

0 

0 

10 

0 

20 

10 

5* 

0 

0 

20 

0 

30 

10 

6** 

10 

5 

40 

15 

30 

40 

7 

10 

45 

30 

5 

20 

5 

8 

0 

0 

0 

0 

0 

30 

9 

0 

0 

0 

0 

0 

5 

10 

60 

40 

0 

60 

0 

0 

11 

20 

10 

0 

20 

0 

0 

*  Class  5  and  6  lakers 
**  Ocean  class. 


Ore  -  Ore  shipments  are  the  same  as  for  the  Welland  Canal. 

Coal  -  Most  coal  comes  from  the  U.S.  to  Lake  Ontario.  Coal  ships  in  the  SLR 
may  be  slightly  smaller. 

Stone  -  Some  foreign  stone  moves  from  overseas  to  Canada  and  the  U.S.  Stone 
will  generally  be  carried  in  smaller  ships  and  in  ocean  class. 

Grain  -  Grain  traffic  in  SLR  is  the  same  as  in  the  Welland  Canal. 

Other  Bulk/General  Cargo  -  Same  as  for  the  Welland  Canal. 


TABLE  7.4  SOO  LOCKS  FLEET  GROWTH 
STRUCTURAL  ALTERNATIVE  2  -  GL/SLS  LOCKS  SYSTEMS 
EXPANDED  TO  ACCEPT  SHIPS  1200  FEET  LONG  BY  130  FEET  WIDE 


CLASS 

ORE 

COAL 

STONE 

GRAIN 

OTHER 

BULK 

GENERAL 

CARGO 

4 

0 

0 

0 

0 

30 

10 

5* 

10 

5 

40 

5 

60 

10 

6** 

0 

5 

0 

10 

0 

30 

7 

0 

10 

60 

0 

10 

10 

8 

10 

5 

0 

0 

0 

30 

9 

0 

5 

0 

0 

0 

10 

10 

30 

50 

0 

50 

0 

0 

11 

10 

5 

0 

10 

0 

0 

12 

40 

15 

0 

25 

0 

0 

*  Class  5  and  6  lakers 
**  Ocean  class 


•  Ore  -  Some  Class  5,  6  and  8  ships  will  be  built  because  of  port  restrictions. 

Ore  shipments  will  tend  to  move  toward  the  largest  ships  but  not  completely 
because  of  the  high  capital  costs  of  the  Class  11  and  12  ships. 

•  Coal  -  Some  smaller  coal  ships  will  continue  to  be  built  because  of  port  re¬ 
strictions.  If  the  demand  for  coal  increases  significantly,  particularly  for 
overseas  shipments,  fleet  operators  will  add  larger  ships. 

•  Stone  -  Demand  for  stone  is  not  expected  to  increase  to  the  extent  that  large 
ships  would  be  required. 

•  Grain  -  Some  Class  5  and  6  lakers  and  ocean  Class  6  would  continue  to  haul 
grain,  but  if  locks  increase  in  size,  grain  demand  is  expected  to  move  fleet 
operators  to  the  largest  ships.  This  also  assumes  that  grain  loading  facilities 
would  be  developed  for  large  class  ships.  Currently  grain  elevators  service 
730  X  76  foot  ships. 

■  Other  Bulk  -  These  cargos  go  in  smaller  ships,  but  not  ocean  class. 

•  General  Cargo  -  Package  freight  will  continue  to  go  in  the  smallest  vessels. 

A  large  percent  of  general  cargo  will  continue  to  be  carried  in  ocean  class. 

As  demand  increases,  the  size  of  general  cargo  vessels  is  expected  to 
increase  somewhat. 
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TABLE  7.5  WELLAND  CANAL  AND  ST.  LAWRENCE  RIVER  FLEET 
GROWTH,  STRUCTURAL  ALTERNATIVE  2  -  GL/SLS  LOCKS  SYSTEMS 
EXPANDED  TO  ACCEPT  SHIPS  1200  FEET  LONG  BY  130  FEET  WIDE 


OTHER  GENERAL 


CLASS 

ORE 

COAL 

STONE(SLR)*** 

GRAIN 

BULK 

CARGO 

4 

0 

0 

25(10) 

0 

10 

10 

5* 

0 

0 

5(20) 

0 

15 

10 

6** 

10 

5 

10(40) 

15 

20 

20 

7 

10 

35 

60(30) 

5 

20 

10 

8 

0 

10 

0 

0 

20 

30 

9 

0 

0 

0 

0 

15 

20 

10 

30 

20 

0 

30 

0 

0 

11 

30 

20 

0 

30 

0 

0 

12 

20 

10 

0 

20 

0 

0 

*  Class 

5  and 

6  lakers 

**  Ocean 

class 

***  All  predictions  are 

the  same  for  the  Welland  and 

SLR  except 

for  stone 

Most 

of  the 

stone  is 

carried  from  Lake 

Ontario  through  the 

Welland 

Canal 

to  the 

U.S. 

Fleet  growth  rates  follow  the  same  general  pattern  as  shown  for  the  Soo  in 
Table  7.4 except  there  is  less  demand  for  laker  Class  5  and  6  ships  for  ore, 
coal ,  and  grain. 


Class  8  and  9  may  also  include  some  ocean-going  ships  longer  than  700  feet 
which  can  utilize  the  Seaway  due  to  its  increased  width. 


the  expected  fleet  expansion  patterns  for  the  1200  foot  vessel 
scenario.  Table  7.6  shows  the  expected  fleet  expansion  patterns 
for  the  Soo  locks  with  cargo  constrained  by  the  Welland  Canal 
and  1100  foot  vessels  at  the  Soo.  Table  7.7  contains  the 
Welland  Canal  and  St.  Lawrence  River  fleet  mix  building  factors 
for  the  constrained  case. 


7 .3  Lockage  Times  for  Structural  Alternatives 
7.3.1  Introduction 


Modeling  1100  and  1200  foot  locks  requires  that  new 
locking  times  be  predicted  based  on  current  experience  and 
engineering  estimates.  This  section  describes  the  methods 
that  were  used  to  develop  these  times. 

Two  assumptions  were  used  in  the  development  of  locking 
time  data : 

•  The  relationships  between  the  existing  data,  such  as 
upbound  vs  downbound  traffic  are  essentially  correct 
and  can  be  extended  to  make  estimates  for  the  new 
locks . 

•  Locking  times  are  largely  a  function  of  ship  size 
(length,  beam,  draft)  relative  to  lock  size.  That 

is,  ships  are  small  in  terms  of  the  ratio  of  ship  size 
to  lock  size  have  lower  locking  times  than  ships 
that  are  large  relative  to  lock  size.  In  addition, 
it  is  assumed  that  a  small  ship  has  the  same  locking 
time  in  any  lock  whose  size  ratio  is  much  larger 
than  the  ship  size.  For  example,  a  Class  7  ship  will 
have  the  same  locking  time  in  either  a  Class  11  or 
Class  12  sized  lock. 

Table  7.8  shows  the  predicted  locking  time  data  for  the 
proposed  Class  11  sized  locks  which  could  accept  a  1100  foot 
long  and  105  foot  wide  ship.  Table  7.9  shows  the  projected 
locking  times  for  the  Class  12  sized  locks  that  could  accept 
a  1200  foot  long  and  130  foot  wide  ships. 


7.3.2  Development  of  Locking  Times 

Empirical  equations,  developed  from  lock  records  of  the 
St.  Lawrence  Cote  St.  Catherine  Lock  for  the  SPAN  Study  [13], 
were  used  to  obtain  estimates  for  the  lock  entrance  and  exi: 
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TABLE  7.6  SOO  LOCKS  FLEET  GROWTH 
STRUCTURAL  ALTERNTIVE  5  -  SOO  LOCKS  EXPANDED  TO  ACCEPT 
nOO  X  105  FOOT  SHIPS;  WELLAND  AND  SLR  REMAIN  UNCHANGED 
CARGO  CONSTRAINED  BY  CAPACITY  AT  THE  WELLAND  CANAL 


OTHER  GENERAL 


CLASS 

ORE 

COAL 

STONE 

GRAIN 

BULK 

CARGO 

4 

0 

0 

0 

0 

30 

20 

5* 

10 

10 

40 

10 

60 

0 

6** 

0 

5 

0 

20 

0 

80 

7 

20 

30 

60 

70 

10 

0 

8 

10 

10 

0 

0 

0 

0 

9 

0 

0 

0 

0 

0 

0 

10 

10 

10 

0 

0 

0 

0 

11 

50 

35 

0 

0 

0 

0 

*  Class 

5  and  6 

lakers 

**  Ocean 

class 

Ore  -  Some  Class  5,  6 

8  U.S. 

ore  carriers  will  continue  tc 

)  be  built  be- 

cause  of  port 

restrictions;  Canadian 

ore  shipments 

will  be 

made  in  Class  7 

because  the  dimensions  of  the 

Welland 

Canal  remain 

fixed. 

U.S.  ore  ship- 

ments  will  be 

1 i kely 

to  move 

to  the  larger  ships  since  the 

facilities  to  handle 

these  ships  would  be 

available  or  quickly  developed. 

Coal  -  Some  U.S.  coal  will  continue  to  move  in  smaller  ships  because  of  port 
restrictions.  Coal  for  Canadian  ports  in  Lake  Ontario  and  for  transshipment 
overseas  will  be  carried  in  Class  7's.  Coal  for  ports  west  of  the  Welland 
Canal  will  be  expected  to  move  in  larger  ships. 

Stone  -  Demand  for  stone  is  not  expected  to  increase  to  the  extent  that 
large  ships  would  be  required. 

Grain  -  A  high  percentage  of  grain  shipments  are  in  foreign  and  Canadian 
ships,  therefore  growth  in  ocean  Class  6  and  Class  7  ships  is  expected. 


Other  Bulk  and  General  Cargo  -  Growth  for  these  cargos  remains  the  same  as 
for  the  base  line  fleet. 
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TABLE 

7.7  WELLAND 

CANAL  AND 

SLR 

FLEET  GROWTH 

STRUCTURAL 

ALTERNATIVE 

5  -  SOO  LOCKS 

EXPANDED  TO 

ACCEPT 

1100  X 

105  FOOT  SHIPS;  WELLAND  CANAL 

AND 

SLR  REMAIN 

UNCHANGED 

OTHER 

GENERAL 

CLASS 

ORE 

COAL 

STONE 

GRAIN  BULK 

CARGO 

4 

0 

0 

0 

0 

20 

20 

5* 

20 

10 

20 

5 

30 

0 

6** 

0 

10 

10 

35 

30 

80 

7 

80 

80 

70 

60 

20 

0 

*  Class  5  and  6  lakers 
**  Ocean  class 


Fleet  growth  in  all  categories  follows  the  base  line. 
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TABLE  7.8  LOCKAGE  TIME  DATA  FOR  LOCKS  CAPABLE  OF  PROCESSING  CLASS  11  SHIPS 
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J4.0  34.0  38.0  40.0  43.0  b3.0  57.0  61.0  Down  Constraining  Lock 

34.0  34.0  39.0  40.0  43.0  53.0  57.0  61.0  Up  Constraining  Lock 

31.0  31.0  35.0  36.0  39.0  48.0  52.0  56.0  Down  Non-Constraining  Lock 

31.0  31.0  35.0  36.0  39.0  48.0  52.0  56.0  Up  Non-Constraining  Lock 
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times.  These  entry  and  exit  times  correspond  to  the 
(^approach  +  “entry)  and  (“chamber  exit  +  “throat  exit)  times 
described  earlier  in  this  report  in  Section  5.3.  Times  were 
calculated  for  vessels  of  Class  7  through  10  using  maximum 
ship  sizes  shown  below  chosen  from  "Greenwood's  Guide  to  Great 
Lakes  Shipping": 


SHIP  CLASS 


LENGTH  X  BEAM 


7 

8 
9 

10 


730  X  75 
826  X  75 
858  X  105 
1000  X  105 


These  times  were  then  compared  to  the  corresponding  MacArthur- 
Poe  locking  times  in  Section  5.3.  The  correlation  was  reason¬ 
able  in  all  cases  although  better  correlation  was  obtained  for 
upbound  times  than  for  downbound  times.  Based  on  these  results, 
these  equations  were  judged  acceptable  for  use  as  a  first 
approximation.  Table  7.10  shows  the  equations  and  the  results 
of  the  calculations  of  locking  times  for  the  new  ship  classes. 
Time  in  the  lock  was  chosen  based  on  the  data  presented  earlier 
in  Section  5.3. 


The  results  shown  in  the  first  two  tables  of  7.10  were 
adjusted  by  preserving  the  approximate  percent  differences 
between  the  predicted  upbound  and  downbound  locking  times 
and  the  constraining  and  non-constraining  locking  times  as 
occur  between  recorded  values  of  these  quantities.  Also,  as 
in  Section  5.3,  the  St.  Lawrence  River  constraining  locking 
times  were  the  same  as  the  Wei  land  non-constraining  locking 
times.  At  the  Soo,  the  Davis  Lock  is  expanded  so  that  it  is 
similar  to  the  current  Poe  Lock.  Therefore,  the  new  Sabin/Davis 
combination  is  predicted  to  have  locking  times  that  are 
approximately  the  same  as  the  present  MacArthur/ Poe  combination. 

The  locking  times  that  result  from  these  computations 
agree  with  current  experience  since  they  show  substantial 
differences  in  locking  times  between  75  foot  and  105  foot 
beam  ships  at  the  1100  x  105  foot  ship  size  locks,  and  also  be¬ 
tween  105  ft  and  130  ft  beam  ships  at  the  1200  x  130  foot  ship 
size  locks.  Also,  Class  10  ships  have  decreased  lor'-'  *;  times 
in  the  new  larger  locks  because  they  are  now  smaller  ative 
to  the  lock  size. 
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TABLE  7.10 

DEVELOPMENT  OF  LOCKING  TIMES 

EqjATIOflS 

upsour«D 

'  entry 

=  1.97  X  10-"  (L 

X  B)  +  6.58 

'exit 

=  1.04  X  lO"*  (L 

X  B)  +  5.53 

oow'isourio 

'entry 

=  2.59  X  10-"  (L 

X  B)  +  4.92 

'exit 

=  1.62  X  10‘"  (L 

X  B)  +  4.07 

NUMBERS 

UPBOUND 

SHIP  CLASS 

'^entry 

"in  lock 

'exit 

■  total 

1^ 

G 

19 

14 

12 

45 

9 

24 

14 

15 

53 

10 

27 

14 

16 

57 

11 

29 

14 

18 

61 

12 

37 

14 

22 

73 

DOWNBOUND 

SHIP  CLASS 

■'entry 

■'in  lock 

"exit 

"total 

8 

21 

14 

14 

49 

9 

28 

14 

19 

61 

10 

32 

14 

21 

67 

n 

35 

14 

23 

70 

12 

45 

14 

29 

83 

SOO  LOCKS 

SHIP  CLASS 

'entry 

"in  lock 

■  exit 

' total 

up  down 

up  down 

up  down 

up  down 

12 

37  45 

54  52 

22  29 

113  126 
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7.4  Scenario  No 


1  -  1350  by  115  Foot  Locks 


7.4.1  Scenario  Description 

After  reaching  capacity  with  non-structural  alternatives 
implemented  to  maximum  utility,  1350  by  115  foot  locks  were 
placed  in  operation.  These  locks  are  capable  of  handling  ships 
1100  by  105  feet,  which  are  considered  to  be  Class  11.  No 
increase  in  system  draft  from  25.5  feet  was  made. 

At  the  Soo  Locks,  which  reached  capacity  with  non- 
structural  alternatives  implemented  to  maximum  utility  in  2018, 
a  single  1350  by  115  foot  lock  was  constructed.  This  lock 
was  built  in  place  of  the  Davis  Lock.  The  existing  Sabin, 
MacArthur,  and  Poe  Locks  were  not  changed.  The  non-structural 
improvements  were  also  implemented  on  this  new  lock. 

At  the  Welland  Canal,  which  reached  capacity  with  non- 
structural  alternatives  implemented  to  maximum  utility  in  1996, 
the  existing  eight  lock  system  was  scrapped  and  a  new  lock 
system  consisting  of  four  1350  by  115  foot  locks  was  built  in 
its  place.  The  non-structural  improvements  retrofitted  on  the 
existing  locks  were  assumed  to  be  built  into  the  new  locks. 

At  the  St.  Lawrence  River,  which  reached  capacity  with 
non-structural  alternatives  implemented  to  maximum  utility  in 
2024,  the  existing  seven  lock  system  was  scrapped  and  a  new 
lock  system  consisting  of  five  1350  by  115  foot  locks  was 
built.  In  the  new  St.  Lawrence  River  Lock  System  the  Snell 
and  Eisenhower  Locks  were  combined  into  a  single  lock  as  were 
the  Upper  and  Lower  Beauharnois.  The  non-structural  improve¬ 
ments,  retrofitted  on  the  existing  locks,  were  assumed  to  be 
built  into  the  new  locks. 


7*4.2  Results  of  Capacity  Simulation 

7. 4. 2.1  Soo  Locks  -  Construction  of  a  1350  by  115  foot 
lock  in  place  of  the  existing  Davis  Lock  extended  capacity  at 
the  Soo  Locks  up  to  2050.  At  capacity  in  2050,  272,245,000 
short  tons  of  cargo  were  processed  through  the  Soo  Locks. 

This  is  an  increase  of  75,479,000  short  tons  or  over  the 

amount  of  cargo  processed  through  the  locks  in  2018  when  the 
system  was  at  capacity  with  the  non-structural  alternatives 
combined  to  maximum  utility. 
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In  the  period  between  2018  and  2050,  iron  ore  and  grain 
had  the  largest  increases  in  demand  through  the  Soo.  Iron  ore 
increased  45.2%  and  grain  increased  29.7%. 

The  number  of  ships  in  the  Soo  Locks  fleet  did  not  in¬ 
crease  significantly  between  2018  and  2050,  increasing  0.8% 
from  169.3  ships  in  2018  to  170.6  ships  in  2050.  The  increase 
in  composite  ship  class  from  7.1  in  2018  to  8.1  in  2050  was  much 
more  significant.  Because  of  the  new,  larger  lock,  the  per¬ 
centages  of  Class  10  and  11  ships  increased  from  19.5%  of  the 
Soo  fleet  in  2018  to  50.4%  of  the  fleet  in  2050.  Since  larger 
ships  carry  more  tonnage  per  minute  of  locking  time  than 
smaller  ships,  this  yielded  large  increases  in  capacity.  The 
Soo  fleet  mix  is  shown  on  Figure  7.1. 

The  number  of  actual  transits  through  the  Soo  Locks  de¬ 
creased  3.6%,  from  11,807  transits  in  2018  to  11,379  transits 
in  2050.  The  number  of  transits  decreased  because  larger  ships 
require  more  time  to  lock  than  do  smaller  ships.  The  ratio  of 
loaded  transits  to  total  transits  increased  from  56.1%  in  2018 
to  58.7%  in  2050.  This  is  due  to  a  more  even  balance  between 
upbound  and  downbound  commodities.  Capacity  increased  due  to 
a  reduction  in  ballasted  transits. 

Capacity  was  reached  by  both  the  Poe  and  the  new  Davis 
Locks  in  2050.  The  Poe  had  an  average  lock  utilization  during 
the  peak  months  of  May  to  November  of  90.6%.  The  most  severe 
congestion  occurred  at  the  Poe  in  June  when  lock  utilization 
was  92%,  average  vessel  waiting  time  was  4,9  hours  upbound  and 
15.1  hours  downbound,  and  average  queue  length  was  1.6  vessels 
upbound  and  5.2  vessels  downbound.  The  new  Oavis  Lock  had  an 
average  lock  utilization  of  90.9%  during  the  peak  months  of 
May  through  November.  During  the  most  congested  month,  May, 
lock  utilization  was  92%,  average  vessel  waiting  time  was 
5.2  hours  upbound  and  16.3  hours  downbound,  and  average  queue 
length  was  1.6  vessels  upbound  and  5.4  vessels  downbound. 

Lock  utilization,  vessel  waiting  time,  and  queue  length  are 
given  in  Figure  7.2  for  the  Poe  Lock  and  Figure  7.3  for  the  new 
Davis  Lock. 

Both  the  Sabin  and  MacArthur  Locks  were  under-utilized 
with  average  utilization  of  25.0%  at  the  Sabin  and  38.0%  at 
the  MacArthur.  Utilization  for  these  locks  decreased  from  2018 
to  2050  as  the  percentage  of  ships  that  could  use  these  locks 
decreased.  Lock  utilization,  average  vessel  waiting  time,  and 
average  queue  length  for  the  MacArthur  Lock  are  given  on  Figure  7.4. 


7-17 


NUMBER  or  SHIPS 
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FIGURE  7.4  SCENARIO  1,  MACARTHUR  LOCK  -  QUEUE 
LENGTH,  WAITING  TIME,  UTILIZATION 


1  A,2,2  Welland  Canal  -  Construction  of  a  new  Welland 
Canal  consisting  of  four  1350  x  115  foot  locks  extended  capacity 
through  that  section  of  the  GL/SLS  System  to  2034.  At  capacity 
in  2034,  128,693,000  short  tons  of  cargo  passed  through  the  new 
Welland  Canal.  This  tonnage  is  an  increase  of  40,095,000  short 
tons  or  45.3?$  over  the  capacity  tonnage  of  88,598,000  short  tons 
processed  through  the  existing  Welland  Canal  in  1996  when  capac¬ 
ity  was  reached  with  non-structural  alternatives  implemented  to 
maximum  utility. 

By  commodity,  the  largest  cargo  demand  increases  were  in 
general  cargo,  other  bulk,  and  iron  ore.  General  cargo  increased 
74.7",  other  bulk  increased  66.9",  and  iron  ore  increased  52.9". 
Although  it  increased  at  a  much  slower  rate,  grain  also  showed 
a  significant  gain  of  32.4%  during  the  period. 

There  was  almost  no  change  in  the  number  of  ships  in 
the  Welland  Canal  fleet  between  1996  and  2034,  with  147.0  ships 
in  1996  and  146.9  ships  in  2034.  The  45.3%  increase  in  tonnage 
through  the  Welland  was  mainly  the  result  of  an  increase  in  the 
composite  ship  size  from  6.2  in  1996  to  7.2  in  2034.  The  in¬ 
creased  ship  size  meant  more  tons  of  cargo  per  lock  operating 
minute,  causing  a  significant  capacity  increase.  The  Welland 
Canal  fleet  mix  is  shown  on  Figure  7.5. 

The  total  number  of  transits  through  the  Welland  Canal 
decreased  8.6%  from  8,075  transits  in  1996  to  7,380  transits 
in  2034.  This  would  be  expected  since  larger  ships  take  more 
time  to  lock  than  smaller  ships.  The  larger  ships  carry  more 
tonnage  however,  more  than  making  up  for  the  decreased  number 
of  transits.  Due  to  a  better  balance  between  upbound  and 
downbound  cargo  flows  in  2034,  the  ratio  of  loaded  transits  to 
total  transits  increased  from  63.9%  in  1996  to  65.2%  in  2034. 

This  resulted  in  a  small  capacity  increase  due  to  increased 
ship  utilization  and  reduced  empty  backhauls. 

At  capacity  in  2034,  the  average  lock  utilization  for 
the  constraining  lock  on  the  new  Welland  Canal  Canal  was  92.1 
for  May  through  November.  During  the  most  congested  month, 

July,  lock  utilization  was  97.0",  average  vessel  waiting  time 
was  25.1  hours  upbound  and  11.5  hours  downbound,  and  average 
queue  length  was  17.4  ships  upbound  and  3.0  ships  downbound. 

Lock  utilization,  average  vessel  waiting  time,  and  average 
queue  length  are  shown  on  Figure  7.6. 
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AVLRAGt  QUEUING  LENGTH  (SHIPS) 


AVERAGE  WAITING  TIME  (HOURS) 


7. 4. 2. 3  St.  Lawrence  River  -  Construction  of  a  series 
of  five  1350  by  115  foot  locks  in  the  St.  Lawerence  River  to 
replace  the  existing  seven  St.  Lawrence  River  Locks  postponed 
capacity  at  that  segment  of  the  GL/SLS  System  until  2048,  At 
capacity  in  2048  a  total  of  144,539,000  short  tons  of  cargo 
were  passed  through  the  new  St.  Lawrence  River  Locks.  This 
total  is  an  increase  of  35,942  ,000  short  tons  or  33. 1°^  over  the 
108,597,000  short  tons  passed  through  the  existing  St.  Lawrence 
River  Lock  System  in  2024  when  capacity  was  reached  with  non- 
structural  alternatives  combined  to  maximum  utility. 

The  commodities  that  increased  most  significantly  be¬ 
tween  2024  and  2048  were  general  cargo  and  other  bulk.  Gen¬ 
eral  cargo  increased  77.9%  and  other  bulk  increased  38.2%. 

Also  increasing  significantly,  but  not  at  such  high  rates,  were 
grain  at  20.9%  and  iron  ore  at  25.4%. 

From  2024  to  2048  the  St.  Lawrence  River  fleet  increased 
only  slightly  from  179.2  ships  to  182.3  ships.  More  important, 
the  composite  ship  class  in  the  fleet  increased  from  6.1  in 
2024  to  7.1  in  2048.  Larger  ships  increase  system  capacity 
because  the  increase  in  the  carrying  capacity  of  the  ship  more 
than  offsets  the  increased  lockage  time.  The  St.  Lawrence 
River  fleet  mix  is  shown  on  Figure  7.7. 

As  was  expected,  since  larger  ships  take  more  time  to 
lock,  the  total  number  of  trans'ts  through  the  St.  Lawrence 
River  decreased  8.5%  from  9,345  transits  in  2024  to  8,553 
transits  in  2048.  The  ratio  of  loaded  transits  to  total  tran¬ 
sits  remained  constant  at  70.0%  from  2024  to  2048.  No 
capacity  increase  was  gained  due  to  reduced  percentage  of 
empty  backhauls. 

At  capacity  in  2048,  lock  utilization  of  the  constrain¬ 
ing  lock  on  the  new  St.  Lawrence  River  System  was  93.0%  for  the 
peak  months  of  May  through  November.  During  the  most  congested 
month,  July,  lock  utilization  was  greater  than  98. O'"-,  average 
vessel  waiting  time  was  30.2  hours  upbound  and  30.4  hours  down- 
bound,  and  average  queue  length  was  24.6  vessels  both  upbound 
and  downbound.  Lock  utilization,  average  vessel  waiting  time, 
and  average  queue  length  are  given  on  Figure  7.3. 
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7.5  Scenario  No .  2  -  1460  by  145  Foot  Locks 
7.5.1  Scenario  Description 

New  locks  were  placed  in  operation  at  each  lock  system 
after  capacity  was  reached  with  non-structural  alternatives 
implemented  to  maximum  utility.  In  this  case  the  new  locks 
were  1460  by  145  feet,  capable  of  handling  1200  by  130  foot 
ships  (Class  12).  No  change  in  the  system  draft  from  25,5 
feet  was  made. 

At  the  Soo  Locks,  which  reached  capacity  in  2018  with 
non-structural  alternatives  combined  to  maximum  utility,  one 
new  1460  by  145  foot  lock  was  constructed.  This  new  lock 
was  constructed  in  place  of  the  Sabin  and  Davis  Locks.  The 
Soo  Lock  System  then  consisted  of  the  MacArthur  and  Poe  Locks, 
which  were  not  changed,  and  the  new  Sabin-Davis  Lock.  The 
non-structural  alternatives  already  in  use  at  the  MacArthur 
and  Poe  Locks  were  implemented  at  the  new  Sabin-Davis. 

At  the  Welland  Canal,  which  reached  capacity  in  1996 
with  non-structural  alternatives  combined  to  maximum  utility, 
four  new  1460  by  145  foot  locks  were  constructed.  These  new 
locks  replaced  the  existing  eight  locks  which  were  scrapped. 

The  non-structural  alternatives  that  were  in  use  on  the  ex¬ 
isting  Welland  Canal  Locks  were  assumed  to  be  built  into  the 
new  locks. 

At  the  St.  Lawrence  River,  which  reached  capacity  in 
2024  with  non-structural  alternatives  combined  to  maximum 
utility,  the  existing  new  locks  were  scrapped,  and  a  new  series 
of  five  1460  by  145  foot  locks  was  built.  Construction  of  the 
new  lock  system  was  optimized  by  combining  the  Snell  and 
Eisenhower  Locks  into  one  lock,  and  the  Upper  and  Lower 
Beauharnois  Locks  into  one  lock.  The  non-structural  improve¬ 
ments  were  built  into  the  five  new  locks. 


7.5.2  Results  of  Capacity  Analysis 

7. 5. 2.1  Soo  Locks  -  Construction  of  a  new  1460  by  145 
foot  lock  to  replace  the  Sabin  and  Davis  Locks  allowed  the 
Soo  Lock  System  to  pass  the  2050  unconstral ned  cargo  forecasts 
without  a  capacity  situation  occurring.  The  2050  unconstrained 
cargo  forecast  is  272,247,000  short  tons.  This  is  an  increase 


of  75,481,000  short  tons  or  38.4"  over  the  196,776,000  short 
tons  of  cargo  that  passed  through  the  Soo  Locks  at  capacity 
with  non-structural  alternatives  implemented  to  maximum 
utility  in  2018. 

For  the  period  from  2018  to  2050,  the  commodities  that 
had  the  largest  increases  in  demand  at  the  Soo  were  iron  ore 
and  grain.  Iron  ore  increased  45.2%  and  grain  increased  29.7%. 

Average  lock  utilization  in  2050  for  the  new  Sabin- 
Davis  Lock  was  87.0%  for  the  peak  months  of  May  through  November. 
This  indicates  that  if  the  cargo  forecasts  could  be  projected 
to  increase  in  the  same  patterns  as  existed  before  2050, 
capacity  would  be  expected  at  the  Soo  within  the  decade  after 
2050. 


It  is  significant  that  the  new  Sabin-Davis  Lock  becomes 
the  constraining  lock  at  the  Soo.  This  is  because  a  large 
number  of  Class  11  and  Class  12  ships  were  added  to  the  Soo 
fleet  between  2018  and  2050.  A  total  of  36.3  ships  out  of 
149.8  ships,  or  25.2%  of  the  Soo  fleet  in  2050,  were  Class  11 
and  12  ships,  and  these  ships  could  only  be  served  by  the  new 
Sabin-Davis  Lock. 

The  Poe  Lock  had  an  average  lock  utilization  of  86.7% 
in  2050,  only  slightly  less  than  the  new  Sabin-Davis  Lock. 

The  Poe  Lock  handled  Class  8,  9,  and  10  ships,  which  totaled 
68.2  ships,  or  45.5%  of  the  Soo  fleet. 

The  MacArthur  Lock  in  2050  had  an  average  lock  utiliza¬ 
tion  of  only  41.0%.  The  utilization  at  this  lock  decreased  as 
the  size  of  vessels  in  the  Soo  fleet  increased  beyond  the  size 
that  the  MacArthur  Lock  could  handle.  Soo  Lock  capacity  could 
be  maximized  to  a  point  well  beyond  2050,  if  needed,  by  also 
replacing  the  MacArthur  Lock  with  a  lock  capable  of  handling 
Class  10  or  larger  sized  ships. 

The  composite  vessel  class  for  the  Soo  Lock  fleet  in 
2050  was  8.5,  indicating  the  great  number  of  very  large  ships. 
There  were  9,834  transits  through  the  Soo  in  2050.  These 
numbers  cannot  be  compared  to  the  2018  values  because  a  capac¬ 
ity  condition  did  not  exist  in  2050  and  therefore  the  number 
of  transits  will  increase  over  the  2050  total  before  capacity 
occurs.  The  Soo  fleet  mix  is  shown  on  Figure  7.9. 
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During  June,  the  most  congested  month  at  the  new  Sabin- 
Davis  Lock,  the  lock  utilization  was  880,  average  vessel  waiting 
time  was  7.1  hours  upbound  and  11.4  hours  downbound,  and  average 
queue  length  was  2.0  ships  upbound  and  3.2  ships  downbound. 

Lock  utilization,  average  vessel  waiting  time,  and  average 
queue  length  are  given  on  Figure  7.10.  The  conditions  of  the 
Poe  and  MacArthur  Locks  are  shown  on  Figures  7.11  and  7,12, 
respect! vely . 

7. 5. 2. 2  Welland  Canal  -  With  a  series  of  four  1460  by 
145  foot  locks,  the  Welland  Canal  reached  capacity  in  2046  with 
a  total  cargo  flow  of  148,229,000  short  tons.  Capacity  of  the 
Welland  Canal  increased  by  59,631,000  short  tons  or  63.9^  over 
the  88,598,000  short  tons  passed  through  the  locks  at  capacity 
in  1996  with  non-structural  alternatives  combined  to  maximum 
util  i  ty  .* 

The  largest  increases  in  commodity  flow  through  the 
.jelland  Canal  between  1  996  and  2046  were  in  general  cargo,  other 
bulk,  and  iron  ore.  General  cargo  increased  125'o,  other  bulk 
increased  106?^,  and  iron  ore  increased  73,^%.  Grain  flows  also 
increased  significantly,  rising  45.6^  in  the  time  period. 

The  number  of  ships  in  the  Welland  Canal  fleet  increased 
9.4''o,  from  147.0  ships  in  1996  to  160.8  ships  in  2046.  Most 
important,  however,  is  the  increase  in  composite  ship  class  from 
6.2  in  1996  to  7.8  in  2046.  The  large  increase  in  fleet  size 
is  the  main  reason  for  the  59,631,000  short  ton  capacity  in¬ 
crease  between  1996  and  2046.  The  Welland  Canal  fleet  mix 
is  shown  on  Figure  7.13. 

The  total  number  of  transits  through  the  Welland  Canal  de¬ 
creased  9.1®^  from  8075  transits  in  1996  to  7344  transits  in  2046. 
The  reduction  in  transits  occurred  because  large  sh^ps  require 
more  time  to  lock  than  small  ships.  The  ratio  of  total  transits 
to  loaded  transits  increased  from  63.9':'  in  1996  to  68.8''.  in 
2046,  causing  a  significant  capacity  increase  due  to  a  reduction 
in  ballasted  transits.  This  reduction  occurred  as  the  result  of 
a  better  balance  between  upbound  and  downbound  cargo  flows. 

At  capacity  in  2046  the  constraining  lock  on  the  Welland 
Canal  had  an  average  lock  utilization  of  93. 7t  during  the  peak 
months  of  May  through  November.  During  the  most  co.'igested  month, 
July,  lock  utilization  was  greater  than  98.0"^,  average  vessel 
waiting  time  was  36.1  hours  upbound  and  19.2  hours  downbound,  and 
average  queue  length  was  24.6  vessels  upbound  and  13.2  vessels 
downbound.  Lock  utilization,  average  vessel  waiting  time,  and 
average  queue  length  are  shown  on  Figure  7.14. 
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FIGURE  7.10  SCENARIO  2,  NEW  DAVIS  LOCK  -  QUEUE 
LENGTH,  WAITING  TIME,  UTILIZATION 
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7. 5. 2. 3  St.  Lawrence  River  -  By  replacing  the  existing 
seven  St.  Lawrence  River  Locks  with  five  1460  by  145  foot  locks, 
the  2050  unconstrained  cargo  forecast  may  be  passed  without 
a  capacity  condition  occurring.  The  2050  unconstrained  cargo 
forecast  is  148,259,000  short  tons.  This  is  an  increase  of  36.5” 
or  39,662,000  short  tons  over  the  108,597,000  short  tons  of  cargo 
passed  through  the  St.  Lawrence  River  when  it  was  at  capacity  in 
2024  with  non-structural  alternatives  combined  to  maximum 
uti 1 i ty . 

Much  of  the  increased  cargo  flow  through  the  St.  Lawrence 
River  between  2024  and  2050  came  from  general  cargo,  other  bulk, 
iron  ore,  and  grain.  General  cargo  increased  85.0”,  other  bulk 
increased  42.0”,  iron  ore  increased  28.0”,  and  grain  increased 
23.4%. 


The  total  number  of  vessels  in  the  St.  Lawrence  River 
fleet  in  2050  was  172.6  ships.  The  total  number  of  transits 
through  the  new  St.  Lawrence  River  Locks  was  7,454  transits  in 
2050.  Since  the  system  was  not  at  capacity  in  2050,  these  quan¬ 
tities  may  increase  before  capacity  is  reached  at  some  time 
beyond  2050. 

The  composite  ship  class  for  the  St.  Lawrence  River 
fleet  was  7.7  in  2050.  There  were  35.7  ships  of  Class  10  or 
larger,  which  are  20.7%  of  the  total  fleet.  Capacity  at  the 
St.  Lawrence  River  will  be  reached  beyond  2050  because  of  this 
large  increase  in  ship  size.  The  St.  Lawrence  River  fleet  mix 
is  shown  on  Figure  7.15. 

Lock  utilization  at  the  constraining  lock  on  the  new 
St.  Lawrence  River  Lock  System  in  2050  was  an  average  of  78. St¬ 
over  the  peak  months  of  May  through  November.  During  the  most 
congested  month,  July,  lock  utilization  was  34.0",  average 
vessel  waiting  time  was  3.1  hours  upbound  and  2.0  hours  down- 
bound,  and  average  queue  length  was  2.3  vessels  upbound  and  2.2 
vessels  downbound.  Lock  utilization,  average  vessel  waiting 
time,  and  average  queue  length  are  shown  on  Figure  7.16. 


7 . 6  Scenario  No.  3  -  23  Foot  Ship  Draft 
7.6.1  Scenario  Description 

At  each  lock  system  capacity  was  increased  by  increasing 
the  allowable  ship  draft  to  28  feet  after  capacity  was  reached 
with  non-structural  alternatives  combined  to  maximum  utility. 
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Drafts  were  not  increased  at  the  Sabin  and  Davis  Locks.  No 
other  change  was  made  to  the  size  of  the  locks.  The  maximum 
size  ships  were  Class  10  at  the  Soo  and  Class  7  at  the  Welland 
and  St.  Lawrence  River. 

Increasing  ship  draft  increases  the  capacity  of  a  lock 
system  by  increasing  the  cargo  carrying  capacity  of  each  ship. 
This  is  provided  that  each  ship  has  a  sufficient  molded  depth 
to  allow  it  to  operate  at  the  increased  draft.  In  the  Lock 
Capacity  Model,  carrying  c*  jcities  of  the  ships  were  increased 
by  the  values  found  in  a  capacity  increase  per  inch  of  immersion 
table  [3].  The  capacity  increase  per  inch  of  immersion  for  the 
ships  used  in  this  study  is  given  in  Table  5.1.  Lake  ships  less 
than  600  feet  long  on  the  GL/SLS  System  operate  at  their  maxi¬ 
mum  depth  in  most  cases,  therefore  in  this  analysis  the  capacity 
of  Class  4  ships  was  not  increased  beyond  the  25.5  foot  draft 
capaci ty . 


7.6.2  Results  of  Capacity  Analysis 

7. 6. 2.1  Soo  Locks  -  With  ship  draft  increased  to  28 
feet,  capacity  at  the  Soo  was  reached  in  2026.  The  cargo  ton¬ 
nage  at  capacity  in  2026  was  213,734,000  short  tons.  The 
2026  capacity  tonnage  increased  16,968,000  short  tons  or  8.6" 
over  the  capacity  tonnage  of  196,766,000  short  tons  with  non- 
structural  alternatives  combined  to  maximum  utility  in  2018. 

The  majority  of  the  cargo  increase  between  2018  and  2026 
was  in  iron  ore  and  grain.  Iron  ore  increased  10.5"  and  grain 
increased  6.7". 

The  number  of  vessels  in  the  Soo  Locks  fleet  decreased 
3.0",  from  169.3  ships  in  2018  to  164.3  ships  in  2026.  The 
composite  ship  class  in  the  Soo  fleet  remained  constant  at 
7.1.  This  indicates  that  the  additional  capacity  at  the  Soo 
was  due  to  the  increased  draft,  which  also  compensated  for  the 
capacity  of  the  five  ships  that  were  dropped  from  the  fleet. 

The  Soo  fleet  mix  is  shown  in  Figure  7.17. 

The  total  number  of  transits  through  the  Soo  Locks 
decreased  5.6"  from  11,807  transits  in  2018  to  11,147  transits 
in  2026.  The  ratio  of  loaded  transits  to  total  transits  remained 
constant  at  56.1". 

At  capacity  in  2026  the  Poe  Lock  had  an  average  lock 
utilization  of  92.0"  over  the  peak  months  of  May  through 


November.  During  the  most  congested  month,  May,  the  lock 
utilization  was  92. average  vessel  waiting  time  was  4.0 
hours  upbound  and  14.9  hours  downbound,  and  average  queue 
length  was  1,2  vessels  upbound  and  5.3  vessels  downbound. 

Lock  utilization,  vessel  waiting  time,  and  vessel  queue 
length  for  the  Poe  Lock  are  shown  on  Figure  7.18. 

The  MacArthur  Lock  was  not  at  capacity  in  2026  with  an 
average  utilization  of  79.0*^.  Because  of  building  trends  and 
vessel  retirements,  the  number  of  vessels  that  could  use  the 
MacArthur  Lock  decreased.  Lock  utilization,  vessel  waiting 
time,  and  vessel  queue  length  for  the  MacArthur  Lock  are  shown 
on  Figure  7.19. 

7. 6. 2. 2  Welland  Canal  -  With  an  allowable  ship  draft  of 
2S  feet  and  non-structural  alternatives  implemented  to  maximum 
utility,  capacity  at  the  Welland  Canal  was  reached  in  2012.  The 
cargo  passed  through  the  locks  at  capacity  in  2012  was  102,558,000 
short  tons.  This  was  an  increase  of  13,960,000  short  tons  or 
15.8'‘o  over  the  88,598,000  short  tons  of  cargo  passed  at  capacity 
with  only  the  non-structural  alternatives  to  maximum  utility  in 
1  996. 

The  commodities  that  increased  at  the  highest  rates  be¬ 
tween  1996  and  2012  were  other  bulk,  general  cargo,  and  iron  ore. 
Other  bulk  increased  22.4'"o,  general  cargo  increased  21.4"*,  and 
iron  ore  increased  20.0%.  Grain  increased  significantly  be¬ 
tween  1996  and  2012  although  at  a  lower  rate  of  11.6%. 

The  Welland  Canal  fleet  increased  1.6%,  from  147.0  ships 
in  1996  to  149.4  ships  in  2012.  The  composite  ships  class  did 
not  change,  remaining  at  6.2,  therefore  capacity  was  not  in- 
reased  by  use  of  larger  ships.  The  Welland  Canal  fleet  mix 
is  shown  on  Figure  7.20. 

The  total  number  of  transits  through  the  Welland  Canal 
increased  slightly  from  8,075  transits  in  1996  to  8,119  transits 
in  2012.  The  ratio  of  loaded  transits  to  total  transits  in¬ 
creased  from  63.9%  in  1996  to  65.2%  in  2012,  resulting  in  a 
capacity  increase  due  to  a  reduction  in  the  percentage  of 
ballasted  transits. 

The  constraining  lock  at  the  Welland  Canal  in  2C12  had 
an  average  lock  utilization  of  91.7%  during  the  peak  months  of 
May  through  November.  During  the  most  congested  month,  July, 
lock  utilization  was  97.0%,  average  vessel  waiting  time  was 
20.9  hours  upbound  and  10.2  hours  downbound,  and  average  queue 
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length  was  15.8  vessels  upbound  and  7,7  vessels  downbound.  Lock 
utilization,  average  vessel  waiting  time,  and  average  queue 
length  are  shown  on  Figure  7.21. 

7, 6. 2. 3  St.  Lawrence  River  -  With  non-structural  al¬ 
ternatives  implemented  to  maximum  utility  and  an  allowable  ship 
draft  of  28.0  feet,  capacity  was  reached  at  the  St.  Lawrence 
River  Locks  in  2034.  Increasing  draft  to  28.0  feet  increased 
capacity  to  122,945,000  short  tons,  a  14,348,000  short  tons 
or  13. 2^^  increase  over  the  108,597,000  short  tons  passed  at 
capacity  in  2024  with  only  non-structural  alternatives  to 
maximum  uti 1 i ty . 

The  largest  percentage  increases  in  commodity  tonnage 
were  in  general  cargo  and  other  bulk.  General  cargo  increased 
32. 7':,,  and  other  bulk  increased  14.9"L  Large  tonnage  increases 
also  occurred  in  grain  which  increased  S.]%  and  iron  ore  which 
increased  9.9^o, 

The  St.  Lawrence  River  fleet  increased  2.8"^  from  179.2 
ships  in  2024  to  184.3  ships  in  2034.  The  composite  ship  class 
dropped  from  6.1  to  6.0  as  the  large  increase  in  general  cargo 
caused  an  increase  in  the  number  of  Class  4  and  6  ships  added 
to  the  fleet.  The  St.  Lawrence  River  fleet  mix  is  given  on 
Figure  7.22. 

The  total  number  of  transits  through  the  St.  Lawrence 
River  increased  slightly  from  9,345  in  2024  to  9,404  in  2034. 

The  ratio  of  loaded  transits  to  total  transits  increased  some¬ 
what  from  69. 9^"^  in  2024  to  71. 1"!^  in  2034,  causing  an  increase 
in  capacity  due  to  a  reduction  in  the  percentage  of  ballasted 
transits . 

At  capacity  in  2034,  lock  utilization  was  an  average 
of  93. 3*"^  over  the  peak  months  from  May  through  November. 

During  the  most  congested  month,  July,  lock  utilization  was 
greater  than  98",  average  vessel  waiting  time  was  27.2  hours 
upbound  and  27,5  hours  downbound,  and  average  queue  length 
was  24.2  ships  both  upbound  and  downbound.  Lock  utilization, 
average  vessel  waiting  time,  and  average  queue  length  are  given 
on  Fi gure  7.23. 


7.7  Scenario  No.  4  -  32.0  Foot  Draft 
7.7.1  Scenario  Description 

At  each  lock  system,  as  capacity  was  reached  with  non- 
'Structural  alternatives  combined  to  maximum  utility,  the  capacity 


7-46 


AVERAGE  QUEUING  LENGTH 


AVERAGE  WAITING  TIME  (HOURS) 


NUMBER  OF  SHIRS 


AVERAGE  QUEUING  LENGTH  (SHIPS) 


PERCENT  UTILIZATION 


of  the  lock  system  was  increased  by  increasing  allowable  ship 
draft  to  32.0  feet.  Drafts  were  not  increased  at  the  Sabin  or 
Davis  Locks  because  they  mainly  handle  ballasted  ships.  No 
other  change  was  made  in  the  size  of  the  locks.  Maximum  ves¬ 
sel  class  was  still  Class  10  at  the  Soo  Locks  and  Class  7  at 
the  Welland  and  St.  Lawrence  River  Locks. 

Increasing  ship  draft  increases  lock  capacity  by  in¬ 
creasing  the  carrying  capacity  of  each  ship.  Some  ships,  how¬ 
ever,  do  not  have  sufficient  molded  depth  to  operate  at  deeper 
drafts.  These  are  mainly  the  small  lake  ships.  In  the  Lock 
Capacity  Model,  Class  4  ships  were  assumed  to  be  operating  at 
their  maximum  draft  with  system  draft  equal  to  25.5  feet. 

The  capacity  of  Class  4  ships  was  not  increased  for  deeper 
drafts.  The  capacity  of  the  other  class  ships  were  increased 
by  the  values  tabulated  for  capacity  increase  per  inch  of 
immersion.  The  capacity  increase  per  inch  of  immersion  figures 
are  given  as  part  of  Table  5.1. 


7,7.2  Results  of  Lock  Capacity  Analysis 

7. 7. 2.1  Soo  Locks  -  With  non-structural  alternatives 
combined  to  maximum  utility  and  a  32.0  foot  operating  draft, 
capacity  was  reached  at  the  Soo  Locks  in  2038.  The  amount  of 
cargo  passed  through  the  Soo  at  capacity  in  2038  was 
241,652,000  short  tons.  This  was  an  increase  of  44,886,000 
short  tons  or  22.8"  over  the  196,766,000  tons  of  cargo  passed 
through  the  Soo  in  2018  when  capacity  was  reached  with  non- 
structural  alternatives  implemented  to  maximum  utility. 

The  increases  in  commodities  between  2018  and  2038  were 
mainly  in  iron  ore  and  grain.  Iron  ore  increased  27.3%  and 
grain  increased  17.3%. 

The  total  number  of  ships  in  the  Soo  fleet  decreased 
4.4%,  from  169.3  ships  in  2018  to  161.9  ships  in  2038.  The 
composite  ship  class  remained  the  same  at  7.1.  However,  the 
number  of  Class  4  and  Class  10  ships  increased  while  the  num¬ 
ber  of  ships  in  the  intermediate  classes  decreased.  Class  4 
increased  due  to  increases  in  other  bulk.  Class  10  increased 
due  to  increases  in  iron  ore.  The  Soo  fleet  mix  is  shown 
in  Figure  7.24. 

The  total  number  of  transits  through  the  Soo  Locks 
decreased  10.4%  from  11,807  transits  in  2018  to  10,581  transits 
in  2038,  as  the  increased  ship  capacities  covered  the  increased 
tonnages.  The  ratio  of  loaded  transits  to  total  transits 
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increased  slightly  from  56.1^.  in  2018  to  56.7®j  in  2038, 
causing  a  slight  capacity  increase. 

At  capacity  in  2038,  the  average  lock  utilization  for 
the  Poe  Lock  for  the  peak  months  of  May  through  November  was 
90.0^.  During  the  most  congested  month.  May,  lock  utilization 
was  90.0%,  average  vessel  waiting  time  was  3.7  hours  upbound 
and  11.3  hours  downbound,  and  average  queue  length  was  1.1 
ships  upbound  and  4.0  ships  downbound.  Lock  utilization, 
average  vessel  waiting  time,  and  average  queue  length  are 
shown  in  Figure  7.25. 

Lock  utilization  at  the  MacArthur  Lock  in  2038  was  71% 
for  May  through  November.  Utilization  of  the  MacArthur  Lock 
decreased  as  the  number  of  ships  able  to  utilize  that  lock 
decreased.  Lock  utilization,  average  vessel  waiting  time,  and 
average  queue  length  are  given  in  Figure  7.26. 

7. 7. 2. 2  Welland  Canal  -  With  non-structural  alternatives 
combined  to  maximum  utility  and  a  draft  of  32.0  feet,  capacity 
was  reached  at  the  Welland  Canal  in  2030.  The  tonnage  passed 
through  the  Welland  Canal  at  capacity  in  2030  was  122,586,000 
short  tons.  This  is  an  increase  of  33,988,000  short  tons  or 
38.4%  over  the  88,958,000  short  tons  passed  through  the 
canal  in  1996  when  capacity  was  reached  with  the  non-structural s 
implemented  to  maximum  utility. 

The  largest  percentage  increases  in  commodities  were  in 
general  cargo,  other  bulk,  and  iron  ore.  General  cargo  in¬ 
creased  48.1%,  other  bulk  increased  55.3%,  and  iron  ore  in¬ 
creased  46.4%.  Grain  also  increased  significantly  although  at 
a  lower  rate  by  28.4%. 

The  number  of  ships  in  the  Welland  Canal  fleet  increased 
by  9.9%,  from  147.0  ships  in  1996  to  161.6  ships  in  2030.  The 
composite  ship  size  decreased  from  6.2  to  6.1  as  small  lakers 
and  ocean-going  ships  were  added  to  carry  the  increased  other 
bulk  and  general  cargo.  This  decreased  fleet  ship  size  re¬ 
sulted  in  a  small  decrease  in  capacity.  The  Welland  Canal 
fleet  mix  is  shown  in  Figure  7.27. 

The  number  of  transits  through  the  Welland  Canal  in¬ 
creased  1.5%,  from  8,075  ships  in  1996  to  8,197  ships  in  2030. 

At  the  same  time  the  ratio  of  loaded  transits  to  total  transits 
increased  from‘63.9%  to  66.5%  due  to  an  increase  in  upbound 
traffic  relative  to  downbound  traffic.  This  increased  transit 
ratio  resulted  in  increased  capacity. 
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At  capacity  In  2030,  lock  utilization  at  the  constrain¬ 
ing  lock  on  the  Welland  Canal  was  92.7"  for  May  through  ^lovember. 
During  the  peak  month  of  July,  lock  utilization  was  greater 
than  98.0%,  average  vessel  waiting  time  was  27.6  hours  upbound 
and  11.2  hours  downbound,  and  the  average  queue  length  was  21.2 
ships  upbound  and  3.6  ships  downbound.  Lock  utilization, 
average  vessel  waiting  time,  and  average  queue  length  are  given 
in  Figure  7.28. 

7. 7, 2. 3  St.  Lawrence  River  -  Capacity  was  reached  in 
2046  in  the  St.  Lawrence  River  Locks  with  operating  draft  equal 
to  32  feet  and  non-structural  alternatives  implemented  to  max¬ 
imum  utility.  The  amount  of  cargo  processed  through  the  St. 
Lawrence  River  Locks  at  capacity  in  2046  was  141,885,000  short 
tons.  This  is  an  increase  of  33,288,000  short  tons  or  30.7% 
over  the  108,597,000  short  tons  of  cargo  processed  through 
the  St.  Lawrence  River  Locks  in  2024  when  capacity  was  reached 
with  non-structural  alternatives  implemented  to  maximum 
util ity . 

General  cargo  increased  the  most  between  2024  and  2046, 
increasing  71.7%  from  15,144,000  short  tons  in  2024  to  26,005,000 
short  tons  in  2046.  Also  increasing  significantly  were  other 
bulk  increasing  by  35.4%,  iron  ore  increasing  by  23.4%,  and 
grain  increasing  by  19.5%. 

The  St.  Lawrence  River  fleet  increased  8.0%,  from  179.2 
ships  in  2024  to  193.6  ships  in  2046.  The  composite  ship  de¬ 
creased  from  6.1  to  6.0,  because  of  the  large  increases  in 
other  bulk  and  general  cargo  which  are  transported  in  ocean¬ 
going  ships  and  small  lakers.  The  reduced  fleet  ship  size 
resulted  in  a  decreased  capacity.  The  St.  Lawrence  River 
fleet  mix  is  shown  in  Figure  7.29. 

The  total  number  of  transits  through  the  St.  Lawrence 
River  decreased  1.3%,  from  9,345  transits  in  2024  to  9,226 
transits  in  2046.  The  ratio  of  loaded  transits  to  tota^ 
transits  increased  from  69.9%  to  72.1%  because  of  a  more  even 
balance  between  upbound  and  downbound  commodities.  An  in¬ 
crease  in  capacity  resulted  because  of  a  reduction  in  the 
percentage  of  ballasted  transits. 

The  constraining  lock  on  the  St.  Lawrence  River  had  an 
average  lock  utilization  of  90.0%  in  2046  during  the  months  of 
May  through  November.  During  July,  the  most  congested  month,  . 
lock  utili.zation  was  97.0%,  average  vessel  waiting  time  was 
15.9  hours  upbound  and  13.5  hours  downbound,  and  average  queue 
length  was  14.1  ships  upbound  and  12.0  ships  downbound.  Lock 
utilization,  average  vessel  waiting  time,  and  average  queue 
length  are  given  in  Figure  7.30. 
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7 .3  Scenario  No.  5  -  Constrained  Cargo  Flows 
7,3.1  Scenario  Description 

In  this  scenario  the  only  improvements  to  the  Welland 
Canal  and  St.  Lawrence  River  portions  of  the  GL/SLS  System  are 
non-structura 1 .  With  non-structural  improvements  combined  to 
maximum  utility,  the  Welland  Canal  reached  capacity  in  1996. 

No  alternatives  were  implemented  at  the  Welland  Canal  past  1996 
to  relieve  this  capacity  condition.  Instead,  the  Welland  Canal 
was  allowed  to  constrain  the  cargo  flow  through  the  GL/SLS 
System.  Non-structural  alternatives  were  implemented  at  the 
Soo  and  St.  Lawrence  River  Locks  when  they  reached  capacity.  A 
1350  by  115  foot  lock  was  placed  in  operation  at  the  Soo  when 
capacity  was  reached  there  with  non-structural  alternatives 
combined  to  maximum  utility. 

The  new  lock  at  the  Soo  was  built  as  in  Scenario  No.  1. 
The  Davis  Lock  was  replaced  by  a  1350  by  115  foot  lock  capable 
of  handling  Class  11  ships.  The  Sabin,  MacArthur,  and  Poe  Locks 
remained  unchanged  structurally.  Non-structural  alternatives 
were  also  implemented  on  the  new  Davis  Locks. 


7.8.2  Cargo  Forecasts 

A  capacity  tonnage  of  87,400,000  short  tons  was  reached 
in  1996  at  the  Welland  Canal  with  non-sttuctural  alternatives 
implemented  to  maximum  utility.  This  tonnage  was  assumed  to 
be  the  maximum  tonnage  that  may  be  passed  through  the  Welland 
Canal,  and  therefore  the  Welland  Canal  cargo  projections  were 
held  constant  at  87,400,000  short  tons  from  1996  to  2050.  The 
cargo  flows  for  the  Soo  and  St,  Lawrence  River  were  recalcu¬ 
lated  by  the  Corps  [10]  based  on  a  maximum  tonnage  through 
the  Welland  Canal  of  37,400,000  short  tons.  The  constrained 
cargo  forecasts  are  shown  on  Figure  7.31. 


7.8.3  Results  of  Capacity  Analysis 

7.8.3. 1  Soo  Locks  -  Using  the  cargo  forecasts  constrained 
by  the  capacity  condition  at  the  Welland  Canal  in  1996,  the 
existing  Soo  Locks  reached  capacity  in  2008  at  a  tonnage  of 
173,483,000  short  tons.  By  implementing  non-s tructura 1  alter¬ 
natives  to  maximum  utility,  capacity  at  the  Soo  Locks  was  post¬ 
poned  to  2020  with  a  cargo  volume  of  191,944,000  short  tons. 

By  constructing  a  new  Davis  Lock  capable  of  handling  Class  11 
ships,  the  Soo  Locks  passed  the  2050  constrained  cargo  flows. 

The  tonnage  passed  through  the  Soo  in  2050  is  248,051,000 
short  tons. 


SHORT  TONS 


The  2050  cargo  tonnage  is  24,1  94,000  short  tons  or  8.9'; 
less  than  the  unconstrained  2050  cargo  projection  of  272,245,000 
short  tons.  The  cargos  that  decreased  significantly  due  to  the 
constraint  at  the  Welland  Canal  were  grain  and  other  bulk. 

Grain  decreased  38.2^  from  an  unconstrained  total  of  52,413,000 
short  tons  to  a  constrained  total  of  32,368,000  short  tons. 

Other  bulk  decreased  13.2'^  from  13,820,000  short  tons  in  the 
unconstrained  forecast  to  11,999,000  short  tons  in  the  con¬ 
strained  flow. 

Using  the  constrained  cargo  flows,  the  Soo  Locks  were 
not  at  capacity  in  2050.  Average  lock  utilization  was  65.9'''*  at 
the  Poe  and  MacArthur  Locks  and  65.3'o  at  the  new  Davis  Lock  for 
the  months  of  May  through  November. 

There  were  176.4  ships  in  the  Soo  fleet  in  2050  using 
the  constrained  cargo  forecasts.  The  composite  ship  size  for 
the  fleet  was  7.4.  This  compares  to  capacity  in  2050  with  the 
unconstrained  flows  and  a  1350  by  1 1 5  foot  Davis  Lock  where 
there  were  170.6  ships  but  with  a  composite  ship  class  of  3.1. 
The  number  of  Class  10  and  11  ships  did  not  increase  as  much 
in  this  Scenario  as  they  did  in  Scenario  l  because  grain,  which 
tends  to  be  carried  in  the  largest  ships,  had  to  be  carried  in 
Class  7  ships  in  order  to  pass  through  the  WPiland  Canal  and 
St. Lawrence  River.  The  Soo  fleet  mix  is  shown  on  Figure  7.32. 

The  number  of  transits  through  the  Soo  Locks  in  2050 
with  the  constrained  flows  was  12,232  as  compared  with  11,379 
transits  with  the  unconstrained  flows.  This  increase  is 
another  indication  of  the  smaller  fleet  size.  The  ratio  of 
loaded  transits  to  total  transits  decreased  from  58.9'*  for  the 
unconstrained  case  to  57.7"  for  the  constrained  case,  indicating 
that  a  greater  percentage  of  upbound  cargos  were  blocked  by 
the  Welland  Canal  constriction  than  downbound  cargos. 

Since  the  Soo  Locks  were  not  at  capacity  in  2050, 
waiting  times  and  queue  lengths  were  relatively  short.  At  the 
MacArtrur  Lock  during  the  month  of  June,  lock  utilization  was 
66.0",  average  vessel  waiting  times  were  0.5  hours  upbound  and 
1.5  hours  downbound,  and  average  queue  lengths  were  0.1  ships 
upbound  and  0.6  ships  downbound.  At  the  Poe  Lock,  utilization 
was  66.0'-  in  June,  average  vessel  waiting  time  was  0.3  hours 
upbound  and  1.3  hours  downbound,  and  average  queue  length  was 
0.2  ships  upbound  and  0.6  ships  downbound.  At  the  new  Davis 
Lock  in  May,  lock  utilization  was  67.0",  average  vessel  waiting 
time  was  18  hours  upbound  and  2.6  hours  downbound,  and  average 
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queue  length  was  0.4  ships  upbound  and  0.3  ships  downbound. 

Lock  utilization,  average  vessel  waiting  times,  and  average 
queue  lengths  for  the  MacArthur,  Poe,  and  the  new  Davis  '.ocks 
are  shown  on  Figures  7.33,  7.34,  and  7.35,  respectively. 

7. 8. 3. 2  Welland  Canal  -  Capacity  was  reached  at  the  ex¬ 
isting  Welland  Canal  in  1981  with  a  cargo  flow  of  75,185,000 
short  tons.  Non-structural  alternatives  to  maximum  utility 
were  implemented  extending  the  capacity  of  the  Welland  Canal 
to  ■■  cargo  flow  of  87,400,000  short  tons.  This  tonnage,  the 
maximum  amount  of  cargo  that  would  be  processed  through  the 
Welland  Canal  without  structural  modifications,  was  reached 
in  1996  and  was  held  constant  through  to  2050.  In  the  year 
1996  the  Welland  Canal  was  slightly  below  capacity  with  an 
average  lock  utilization  for  the  peak  months  of  May  through 
November  of  88.6’I.  Thi s  near  capaci ty  condition  existed 
through  2050,  dropping  slightly  to  85.4°I  by  2050. 

The  capacity  constraint  of  87,400,000  short  tons 
through  the  Welland  Canal  blocked  67,934,000  short  tons  or 
43.7%  of  the  unconstrained  2050  Welland  Canal  cargo  pro¬ 
jections.  This  cargo  restriction  appeared  across  the  board 
with  the  2050  constrained  forecast  for  each  of  the  six 
commodity  groups  approximately  43.7%  less  than  the  2050 
unconstrained  forecasts. 

In  2050  with  the  constrained  cargo  projections  the 
Welland  Canal  fleet  consisted  of  147.1  ships  with  a  composite 
ship  class  of  6.1.  The  number  of  ships  in  the  fleet  increased 
slightly  from  144.8  ships  in  1996,  but  the  composite  ship  class 
dropped  slightly  from  6.2  in  1996.  The  Welland  Canal  fleet 
mix  is  shown  on  Figure  7.36. 

The  reason  for  the  capacity  condition  abating  slightly 
between  1996  and  2050,  despite  the  slight  decrease  in  composite 
ship  class,  is  that  the  loaded  transits  to  total  transits 
ratio  increased  significantly  between  1996  and  2050.  In  2050 
67.5%  of  the  7,789  transits  were  loaded,  while  in  1996  only 
64.2%  of  the  7,937  transits  were  loaded. 

At  2050  a  near  capacity  condition  existed  with  average 
lock  utilization  during  the  peak  months  equal  to  85.4%.  During 
the  monst  congested  month  in  2050,  July,  lock  utilization  at 
the  constraining  lock  was  90.0%,  average  vessel  waiting  time 
was  5.9  hours  upbound  and  4.3  hours  downbound,  and  average 
queue  length  was  4.3  ships  upbound  and  3.2  ships  downbound. 

Lock  utilization,  average  vessel  waiting  time,  and  average 
queue  length  are  given  on  Figure  7.37. 
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7. 3. 3. 3  St.  Lawrence  River  -  Jsing  the  cargo  cro- 
jections  constrained  by  a  caoacity  condition  at  the  Welland 
Canal,  capacity  through  the  existing  St.  Lawrence  River  Locks 
was  reached  in  2050.  3y  implementing  the  non-structural  al¬ 
ternatives  to  maximum  utility,  capacity  through  the  St. 

Lawrence  River  Locks  was  extended  beyond  2050. 

At  2050  the  amount  of  cargo  that  passed  through  tne 
St.  Lawrence  River  Locks  was  95,A29,000  short  tons.  This 
constrained  cargo  flow  is  52,330,000  short  tons  or  35.5';  less 
than  the  unconstrained  cargo  flow  of  143,259,000  short  tons  pro¬ 
jected  for  the  St.  Lawrence  River  for  2050.  The  cargos  that 
were  affected  the  most  by  the  Welland  Canal  constriction  were 
grain,  general  cargo,  iron  ore,  and  other  bulk.  Grain  de¬ 
creased  41.2':  from  an  unconstrained  projection  of  57,41  5  ,000 
short  tons  to  a  constrained  total  of  33,734,000  short  tons. 
General  cargo  was  reduced  37. 70  from  28,019,000  short  tons  in 
the  uncons tra i ned  case  to  17,469,000  short  tons  in  the  con¬ 
strained  case.  Iron  ore  decreased  37.00  from  an  unconstrained 
flow  of  33,015,000  short  tons  to  a  constrained  flow  of  20,739,000 
short  tons.  Other  bulk  decreased  22.1':  from  an  unconstrained 
27,333,000  short  tons  to  a  constrained  21,116,000  short  tons. 

The  St.  Lawrence  River  Locks  were  not  at  capacity  in 
2050,  with  an  average  lock  utilization  of  74.90.  The  St. 

Lawrence  River  fleet  contained  159.4  ships  in  2050  with  a 
composite  shio  class  of  6.0.  The  St.  Lawrence  fleet  mix  is 
shown  on  Figure  7.38.  There  were  3,303  transits  through  the 
St.  Lawrence  River  in  2050,  72.50  of  wnich  were  loaded. 

The  constraining  lock  on  the  St.  Lawrence  River  System 
had  a  peak  montn  lock  utilization  of  30.00,  average  vessel 
waiting  time  of  2.1  hours  upbound  and  2.0  hours  downbound, 
and  average  queue  length  of  1.5  ships  both  upbound  and  down- 
bound.  Lock  utilization,  average  vessel  waifing  ti^e,  and 
average  queue  length  are  given  in  Figure  7.39 


7 . 9  Summary  of  the  Impact  of  Structural 
Alternatives  on  Lock  Capacity 

Subsections  7.4  through  7.3  of  this  repc’^t  discussed 
in  detail  the  imoact  of  each  of  the  structural  scenarios  on  t'^e 
capacity  of  the  GL/SLS  System.  Fleet  mi,\  and  queuing  information 
0"  eacn  lock  system  under  each  scenario  were  presented  trsp^'ical' 
"his  section  summarizes  the  results  a'*  tnese  analyses  ano  jis- 
Cjssed  t’-.e  capacity/  expansion  generated  by  e^ch  of  tne  alter^miti. 
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creased  despite  a  decrease  in  the  number  of  transits.  The 
oarameters  wnicn  best  indicate  the  increase  in  capacity  due  to 
"srge^  snip  construction  spurred  by  larger  iccxs  or  oy  in- 
reased  snip  capacity  due  to  deeper  allowable  drafts  are  the 
composite  snip  class  and  the  tonnage  transported  oer  loc’rage. 

r-^aici'^g  time  is  a  good  indicator  o^  ioc<  capacity. 
Caoacity  exoansi  on  measures  reduce  waiting  ti’^e.  however, 
as  the  demand  for  service  increased  and  lock  system  capacity 
is  again  accroached,  waiting  times  increase  to  tne  same  leva's 
tnat  existed  before  the  measure  was  implemented.  In  t'^e  "^te'^' 
the  lock  system  did  serve  its  users  effectively  witn  be'cw 
caoaci ty  condi tiers . 


'"onnage  composite  ship  class,  and  tonnage  tra^spcr 
per  Iccxage,  along  witn  the  length  o"  time  t^e  capacity  : 
dition  is  delayed,  will  be  used  as  indicators  to  judge  t" 
rel  ati  ve  efectiveness  of  the  structura'’  sce'^.a*^' :s  . 
parameters  are  given  on  ^able  7.11  for  the  Sco  ^ccvr,  ^3: 
7.1Z  for  tne  Welland  Canal  Locks,  and  ^ab'e  "."3  *0? 
Lawrence  Rive^  Locks. 


it  can  be  seen  fr’Om  tne  summary  tables  t^^at  i'^creas'''; 
lock  size  at  25.5  foot  dra^t  '^esults  in  3  larger  ^nc^e'.se  in 
c a  pa c  i  ty  than  increasing  d  r  a  ^  t  but  ^  e  t a  i  ^  "  g  t  e  e x s  t ' ''  g 
lock  size.  Both  the  1  350  by  115  foot  locks  and  tne  '-^5C  oy 
*“cot  loc:<s  of  25.5  foot  dra^'t  "'ncreased  'ock  caoac'ty 
(tonnage)  more  than  either  a  23  foot  or  a  32  foot  draft  with 
the  existing  lock  size. 

Increasing  lock  size  oromotes  the  construction  0*  "a'-ger 
ships  wnich  causes  an  increase  in  the  composite  snip  size. 

Since  larger  ships  have  more  carrying  capacity,  an  increase  ■>  n 
the  number  of  large  ships  increases  the  tonnage  processed  per 
lockage.  Increasing  allowable  snip  draft  witnout  increasing 
lock  size  does  not  increase  the  number  of  large  s^ips  1^,  t^e 
fleet.  It  increases  the  carrying  capacity  of  the  snips  in  the 
fleet,  also  increasing  the  tonnage  per  lockage. 
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Scruczjr^ i 
Scenario 


Soo  locks 


Caoaci  Vj 
Year 


. onnage 
at 

Capaci ty 

ylQ-^  ST) 


SoniDosi  te 
Sh  i  0 
Si  ass 


. onnage 
00  r 

LocKace 

'  st; 


'ion-S tructural  to 


Maxiiouo^i  Jtii 

ity 

2013 

196,766 

16,665 

1 350  by  115  ft 

Lock 

2050 

272,245 

3.1 

23,925 

1460  by  145  ft 

Lock 

Past 

2050 

272,247- 

3.5* 

2  7 , 634 

25  Ora^t 

2026 

213,734 

/  .  1 

19,1 74 

32  ft  Oraft 

2033 

241  ,552 

7 . 1 

22 , 333 

1 350  oy  115  ft 
Constrained 

Lock 

Cargo 

Past 

2050 

243,051 

7.4* 

20,196 

■Caoacity  was 

not  reached 

by  2050. 

The  values  given 

a^e  tnose 

^^or  2050. 

S.VMARY 


TABLE  M2 

Structural 

Scenario 

Mon-Structural  to 
MaxiiTiufn  Uti  I  Uy 

1 350  by  115  ft  Lock 

1 AdC  dv  1A5  ft  Lock 

28  ft  Braft 

32  ft  Draft 

Constrained  Cargo 
] 350  Dy  115  ft  Lock 
at  Soo 


S'^RDCl'LRAL  SCEMARIO  EF^ECTIVEMESS 
1  land  Canal  Locks 


Capaci ty 
Year 

Tonnage 

at 

Capaci ty 
(10'  ST) 

CotT;pos  i  te 
Ship 

Cl  ass 

Tonnage 

per 

Lockage 

(ST) 

1996 

38 , 593 

6.2 

10,972 

2034 

123,693 

7.2 

17,438 

20-^6 

143,229 

7 

20 , 1 34 

2012 

102,553 

6 . 2 

12,632 

2030 

122,586 

6.1 

14,955 

1996 

37,400 

6 . 2 

1 1  .012 

2050 

37,400 

6.1 

'  T  .■'•G  7 

1  t  f  ^  ^ 

k 


TABLE  7.13 

STS'JCTUR.AL 

SCENARIO  £""52*71 

^  1. it:  2)  > 

St. 

,  Lawrence  R^ver 

Structural 

Scenario 

Capaci ty 
Year 

Tonnage 

at 

Capaci ty 
(10'  ST) 

Compos i te 

Sh  i  p 

Class 

Tonnage 

per 

Lockage 

(ST) 

Non-s tructrual  to 
Maximum  Utility 

2024 

103,597 

6 . 1 

1 1 ,621 

1 350  by  115  ft  Locks 

2043 

144,539 

7.1 

16,o99 

1460  by  145  ft 

Locks 

Past 

2050 

143,259- 

7.7 

19,390 

23  ft  Draft 

2034 

122,945 

5 . 3 

13,0’4 

32  ft  Draft 

2046 

141 ,385 

6.0 

15,379 

Constrained  Cargo 

1 350  by  115  ft  Lock 
at  Soo 

Past 

2050 

95,i29'- 

5.0- 

11,493- 

‘Capacity  was  not  reached  by  2050.  The  values  given  are  those  for  2050. 


The  results  of  Scenario  5  indicate  that  a  second  large 
lock  at  the  Soo  would  be  effecci/e,  even  if  no  structural 
changes  were  made  to  the  Welland  Canal  and  5t.  Lawrence  River 
Lock  Systems  and  the  Welland  Canal  went  to  capacity,  dnder  con¬ 
ditions  where  the  Welland  Canal  reached  capacity  in  1996  and  no 
improvements  were  made,  the  Soo  would  reach  capacity  in  2020. 
Construction  of  a  new  1350  by  115  foot  lock  at  the  Soo  will 
extend  capacity  well  beyond  2050. 


3.  COST  OF  CAPACITY  EXPA^ISION  ALTERNATIVES 


The  purpose  of  this  study  was  to  test  the  sensitivity 
of  the  Great  Lakes/St.  Lawrence  Seaway  System  to  the  non-struc 
tural  alternatives  for  increasing  system  capacity.  The  feasi¬ 
bility  of  implementing  the  alternatives  was  only  examined  in 
terms  of  their  effects  on  increasing  system  wide  capacity  to 
the  year  2050. 

The  alternatives  tested  in  this  analysis  are  in  the  con¬ 
ceptual  design  stage  only.  Since  it  was  beyond  the  scope  of 
this  study  to  prepare  designs  of  these  alternatives  in  any  de¬ 
tail,  and  since  accurate  cost  estimates  may  only  be  mace  from 
reasonably  detailed  designs,  the  cost  estimates  contained 
herein  must  be  considered  to  be  rough  crder  of  magnitude 
estimates . 

This  section  of  this  report  contains  the  estimates  of 
capital  and  annual  operation  and  maintenance  costs  fc'^  tne  ^cn 
structural  expansion  measures  and  the  structural  scenarios. 
These  cost  estimates  were  based  on,  and  were  updated  from,  tne 
reference  literature  where  possible,  however,  in  some  cases 
such  costs  were  not  available,  or  the  published  costs  were 
not  directly  applicable  and  had  to  be  adjusted.  In  these 
cases  where  cost  information  could  not  be  used  directly, 
engineering  judgement  v/as  used  to  develop  reasonable  cost 
estimates.  Sources  of  information  have  been  indicated 
where  appl icable. 

Table  8.1  gives  a  summary  of  the  estimated  capital 
costs  and  the  estimated  increase  in  annual  operation  and 
maintenance  costs  of  each  of  the  non-structural  and  structural 
al ternati vGS . 


8 , 1  Traveling  Kevels 

The  cost  of  retrofitting  traveling  kevels  on  an  ex¬ 
isting  lock  was  estimated  to  oe  aoproxima te’y  Sl'TC  cer  ""act 
of  rail  in  mid-1979  dollars  [^].  Updated  to  January  1 ?8 i 
dollars,  this  cost  is  S320  per  foot.  The  Tnflation  factor 
of  1.17  was  obtained  using  the  ’.Vj.r 

"Construction  Cost  Index"  [15]  of  approximately  2?C0  in 
1  379  and  3-^CC  for  January  1931. 
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The  amount  of  required  for  a  :r3;e’!''"o  <eve'  is 

approxima tely  equal  to  the  length  of  :he  y^ide  rva'*  on  loc*.. 
It  was  assumed  that  rails  would  be  requirec  on  oof"  sides  o" 
the  lock.  Traveling  kevels  were  assumed  to  oe  o'aced  on  al' 
of  the  locks  on  the  GL/SLS  System  including  tne  Satin  and 
Davis  Locks.  The  costs  of  installing  trave'i'^q  in 

January  1981  dollars  is  estimated  to  be  S12,SCC,SCC  at  the  Soo, 
51  7,000,000  at  the  Welland  Canal,  and  515,200, SCO  at  tne  3t. 
Lawrence  River. 

Annual  operation  and  maintenance  costs  were  estimated 
at  approximately  542  per  foot  of  rail  in  mid-l?l'9  dollars 
Updated  to  January  1931  dollars  by  the  1.17  inflation  factor, 
the  operating  cost  is  estimated  to  be  S50  oer  ^^cot  of  rail. 

The  yearly  operation  and  maintenance  costs  in  January  1931 
dollars  are  then  estimated  to  be  5720,000  at  tne  Soo,  $1,040,000 
at  the  Welland  Canal,  and  5910,000  at  the  5t.  Lawrence  River. 


3 . 2  Increase  Ship  Speed  Into  Lock 

The  capital  cost  associated  with  allowing  increased 
ship  soeeds  into  the  locks  consists  of  the  costs  of  install¬ 
ing  the  safety  bumpers  and  fenders  in  the  locks.  The  cost 
of  these  safety  devices  is  estimated  to  oe  approxima tely 
5400,000  to  5500,000  per  lock  [16]  in  January  1981  dollars. 
"The  costs  of  the  bumpers  and  fenders  are  then  estimated  to 
be  52,200,000  for  the  Soo  Locks,  53,500,000  for  the  Welland 
Canal,  and  53,000,000  for  the  St,  Lawrence  River  Locks, 

No  operation  and  maintenance  cost  information  is 
available  for  the  sa fe ty  bumpers  and  fenders.  Annual  oper¬ 
ation  and  maintenance  costs  are  assumed  to  be  1 07  of  the 
capital  expenditure.  The  annual  operation  and  maintenance 
costs  are  therefore  estimated  to  be  5200,000  at  the  Soo, 
5350,000  at  the  Welland  Canal,  and  5300,000  at  the  St. 
Lawrence  River. 


3 . 3  Reduce  Chambering  Time 

The  reduce  chambering  time  alte'^'^ative  is  mace  up  of 
two  components:  reduce  dumo/fill  times  and  downstream  longi¬ 
tudinal  hydraulic  assistance.  Reducing  the  lock  dump/'^ill 
times  requires  replacement  of  the  lock  hydraulic  system. 
Hydraulic  system  costs  were  estimated  in  Appendix  F  the 


1977  draft  "Maximum  Snip  Sice  Study"  H"],  based  on  3  ''eport 
oreoared  oy  tne  St.  Lawrence  Seaway  Autnority  ^’"e 

costs  were  estimated  to  be  aporoximately  S6,200,SSC  "‘or  lovy 
i  i  "t  locks  and  $9,200,000  for  nign  lift  locks.  All  locxs 
estimated  were  current  St.  Lawrence  Seaway  sized  locks. 

Updated  to  January  1981  dollars  by  use  of  tne  "Con¬ 
struction  Cost  Index"  of  2556  in  September  1977  and  3400 
in  January  1981,  the  hydraulic  system  costs  were  estimated 
to  be  58,000,000  for  low  lift  locks  and  $12,000,000  for  high 
lift  locks.  Since  the  Poe  Lock  is  considerably  larger  than 
the  locks  on  the  St.  Lawrence  Seaway,  the  cost  for  replacing 
its  hydraulic  system  was  assumed  to  be  that  of  a  high  lift 
lock  whereas  the  other  Soo  Locks  were  assumed  to  be  low  lift 
locks.  The  estimated  costs  for  reducing  dump/fi'!  time  are 
536,000,000  at  the  Soo,  $90,000,000  at  the  Welland  Canal, 
and  $74,000,000  at  the  St.  Lawrence  River. 

The  cost  of  implementing  downstream  longitudinal 
hydraulic  assistance  was  estimated  to  be  approxima te ly 
51,000,000  per  lock  for  St.  Lawrence  Seaway  sized  locks. 

Costs  at  the  Soo  Locks  are  assumed  to  be  higher  because  longer 
ships  may  be  handled  through  these  locks.  The  cost  at  each 
of  the  Soo  Locks  is  estimated  to  be  SI  ,200,000.  The  imole- 
mentation  costs  of  downstream  longitudinal  hydraulic  assist¬ 
ance  are  therefore  estimated  to  be  $5,000,000  at  the  Soo, 
$3,200,000  at  the  Welland  Canal  ,  and  SI" ,  COO ,  200  at  tne  5t. 
Lawrence  River.  The  total  costs  of  reducing  ock  c‘'^amce^ing 
time  are  then  estimated  to  be  $41,000,000  at  the  $00, 
$93,000,000  at  the  Welland  Canal,  and  531,000,000  at  tne  St. 
Lawrence  Ri ver . 

The  operation  and  maintenance  costs  for  tne  mcdi^ieo 
lock  hydraulic  systems  ^ill  not  be  any  greater  than  the  cur'^e^ 
operation  and  maintenance  costs  "or  the  existing  systems. 

No  additional  ooeration  and  maintenance  costs  would  result 
from  reou  i  1  di  ng  tne  1  oc<  rv/drauiic  systems.  No  c  ts  -vere 
aval  lade  ^or  the  ooeration  and  'maintenance  of  downstream 
longitudinal  hydraulic  assistance  systems.  Yearly  opera¬ 
tion  and  maintenance  cos* s  are  es*i’^dted  to  be  "O'  o"  t^e 
implementation  costs.  The  estimated  costs  are  t'^^en.  $500,000 
at  the  Soo,  $300,000  at  the  wei -anc  Canal,  and  a: 

the  St.  Lawrence  River. 


s.-l  Lock 
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This  alternative,  orimarily  consisting  of  c^ssec  cir- 
C'jit  television  and  computer  controls  was  esti'^atec  to  cost 
approxima tel y  SI, OCO, COO  at  the  Soo  Locks,  S1,CCC,CCC  at  tne 
Welland  Canal  Locks,  and  S2, 000,000  at  the  St.  Lawrence 
River  Locks.  Analysis  of  similar  systems  snowed  annual  opera¬ 
tion  and  maintenance  costs  to  be  approximately  10’  of  tne 
investment  cost  [15],  Annual  operation  and  maintenance 
costs  are  then  estimated  to  be  S100,0C0  at  the  Sco,  5:00,000 
at  the  Welland,  and  SZOO,0OO  at  the  St.  Lawrence  River. 


3.5  Non-Structural  Alternatives  to  Maximum  Jtilitv 


This  combination  of  non-structural  alternatives  con¬ 
sists  of  traveling  kevels,  decreased  dumo/'^ill  times,  and  a 
traffic  control  system.  The  capital  costs  for  implementing 
these  three  alternatives  are  estimated  to  oe  5^8,000,000 
at  the  Soo,  $103,000,000  at  the  Welland  Canal,  and  S?1,000,OOC 
at  the  St.  Lawrence  River.  The  annual  operation  and  maintenance 
costs  for  the  combination  of  the  three  alternatives  are  esti¬ 
mated  to  be  $320,000  at  the  Soo,  $1,1^0,000  at  the  Welland 
Canal,  and  $1,110,000  at  the  St.  Lawrence  River. 


S . 6  Scenario  1  -  1350  by  115  Foot  Locks 

The  costs  for  building  1350  by  115  ^oot  lcc\S  caoable 
of  nandling  1100  by  105  foot  snips  (Class  11)  were  octained 
directly  from  the  draft  update  of  the  costs  from  t'^e  "''’aximun 
Ship  Size  Study"  [19].  The  costs  considered  were  lock  costs, 
channel  costs,  haroor  costs,  and  bridge  ana  tunnel  replacement 
costs. 


The  costs  for  the  Soo  Locks  include,  in  addition  to  t^e 
new  lock,  all  the  corres pondi ng  improvement  costs  ^or  the  St. 
Marys  River,  St.  Clair  River-Lake  St.  Clai r-Cetroi t  River, 

St  "'a  its  of  ''^ackinac,  and  1"  major  Upcer  Lakes  ha^ocrs  as 
listed  in  ^able  8.2.  'Tne  costs  for  the  Welland  Canal  include 
tne  cost  of  four  new  locks  and  tne  associated  Wei  lane  Canal 
i '"O^'O  vemen  ts .  costs  “‘or  the  St.  Lawrence  Ri/e'"  include 

tne  costs  of  five  new  locks  and  the  associated  St.  La.vrence 
River  imorovemen ts . 


'^aNe  Superi  or :  Dul  uth -Super i  or, 
Presque  Isle,  MI 
Two  Harbors,  MN 


lonO  Michigan:  Burns  Harbor,  IN 
Cal unet ,  IL 
Gary,  IN 

Indiana  Harbor,  IN 
Mi  1 waukee ,  WI 


Lake  Huron:  Detroit  Harbor',  MI 


Lake  Erie:  Ashtabula,  OH 

Buffalo,  NY 
Cleveland,  OH 
Conneaut,  OH 
Lorain,  OH 
Sandusky,  OH 
Toledo,  OH 


The 

See  wOCks 

•cl  lowing  cost  items  comorise 
to  allow  passage  of  1100  oy  135 

tne 

•  j  0 

est'mate  “’cr  t'^e 
t  .esses. 

1350  oy  115  foot  Lock 

V 

2  ^ 

Major  -iaroor  Dredging 

257,:co,:cc 

TOTAL 

S 

344,occ,:co 

The 

struct  the 

following  items  comprise  the  c 
Wei  land  Canal  for  the  1 1 00  by 

ost 

105 

estimate  to  recon 
foot  vessel s . 

T 

1  . 

Four  1350  by  115  foot  Locks 

3 

J  U  0  ,  V  -w. 

2 . 

Channel  Constructi on 

^  5  ^  ^ 

TOTAL 

S  2 

031  ,  OCC  ,  OCj 

The 

struct  the 
vessels. 

following  items  comprise  tne  c 
St.  Lawrence  River  System  for 

ost 

:  1  cc 

estimate  to  recon 
by  105  i^oot 

1  . 

Five  1350  by  115  foot  Vessels 

s 

621 ,0C0,000 

2 , 

Channel  Dredgi ng 

/ 

—  5 

394,200,000 

3 

Bridges  and  Tunnels 

109,000,000 

TOTAL  53,52A,CCO,OCO 


The  Maximum  Ship  Size  Study  [17]  determined  that  tne 
only  additional  maintenance  costs  due  to  modifying  the  GL/SLS 
System  to  nandle  1100  by  105  foot  ships  would  be  that  of 
maintenance  dreaging  the  17  major  ha^’bors  that  were  improved 
to  handle  those  ships.  The  annual  increased  operation  and 
maintenance  cost  for  the  Soo  Locks  is  estimated  to  oe  3^01,00 
No  increased  operation  and  maintenance  costs  a^e  exoected  ^or 
the  Welland  Canal  or  the  St.  Lawrence  River  because  of  these 
impr'ovemen ts . 


3 . 7  Scenario  2  -  1A6Q  by  1-^5  ^oot  Locks 

The  costs  for  building  1460  by  145  *cot  locks  .'^hich  are 
caoable  of  handling  1200  by  130  foot  (Class  12)  vessels  were 
obtained  directly  from  the  draft  report  of  the  updated  costs 
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*-'or  tne  :>i:e  bcudy  li^J.  The  costs  considered 

were  lock  costs,  channel  costs,  harbor  costs,  and  bridge 
and  tunnel  repl  acei^.ent  costs. 

The  cost  estimate  for  the  Soo  Locks  Includes  the  cos 
of  the  new  lock,  channel  dredging  for  the  St.  Marys  River, 
tne  Straits  of  Mackinac,  St.  Clair  River-Lake,  St.  Clair- 
Detroit  River,  and  seventeen  major  Upper  Lake  harbors,  '"he 
cost  estimate  for  the  Welland  Canal  includes  the  cost  of  fo 
new  locks  and  channel  construction.  The  cost  estimate  for 
the  St.  Lawrence  River  includes  tne  cost  of  five  new  locks 
and  St.  Lawrence  River  modi f ica ti ons . 

The  cost  estimate  for  the  Soo  Locks  is  comprised  of 
the  following; 

1460  by  145  foot  Lock  S  100,000,000 

Channel  Dredging  2,739,000,000 

Haroor  Dredging  527 ,000 ,000 

lOTAL  Sj,36d,o0C,u00 


The  cost  estimate  for  the  Welland  Canal  includes 
the  fol 1  owl ng ; 


Four  1460  by  145  foot 

Locks 

S  B36,jCO,OOC 

Channel  Dredgi ng 

1  A  7  n  7  (7  r  ■'7  7 

TOTAL 

50,456,000,000 

The  cost  estimate  for 

the  St. 

Lawrence  River 

includes  tne  following: 

Five  1460  by  145  foot 

Locks 

S  706,000,000 

Channel  Dredgi ng 

u  ,  /  r  0 , 0  C  u  ,  U  0 

Bridges  and  Tunnels 
TOTAL 


It  was  determined  in  tne  "Maximum  Ohio  Sice  Study'  j 
that  tne  only  additional  maintenance  cost  derived  from  mooi 
tne  3L/SLS  s/stem  to  nandle  1  000  b  /  130  "'cot  sh' cs  wou'd  oe 
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S  L  0  C  V  s 

were  not  deepened,  the  rer.aining  iocks  t^e  by  "05 

foot  estimate  was  used,  scaled  down  by  SCt.  '“he  costs  o'^' 
lock  deeoening  are  estimated  to  be  529,000,000  at  t^e  Sco, 
3110,000,000  at  the  Welland  Canal,  and  579,000,000  a:  tne 
St.  Lawrence  River. 

The  channel  dreding  estimates  in  t^'C  ‘'^aximum  0':e 

Study  are  only  functions  of  shio  draft  and  beam,  ""'^ere^tre, 
estimates  for  the  St.  Lawrence  River  and  Welland  Cana' 
may  be  pr ooortioned  from  105  feet  to  30  feet,  and  tne  '55 
foot  estimate  may  be  applied  directly  ’^or  t^e  'Jocer  Lakes 
channels.  The  channel  dredging  costs  are  50  ,066 , 002 ,  000  a* 
the  Soo,  51,1  35,000,000  at  the  Welland,  and  50  ,  -  53  , 2  20 , 20  2 
at  t.'^e  St.  Lawrence  River,  A  cost  of  5-36,200,200  c:m^- 

oensat^l^g  works  must  also  be  added  to  tne  Soo  esti"'3:e. 

Tunnel  costs  are  only  dra^t  :ece'":e'"t  a^c  -'e 

taken  directly.  Tunnel  modi  :at ^  :ns  5^e  :n'!  /  ^e- 
i  n  tne  5 1 .  Lawrence  R  i e  r  at  a  : :  i  t  : '  23^,  2  2  2  ,  2  2  2. 

-^arbor  credging  is  mainly  a  •.."st 
and  dra^t.  Therefore,  the  Sco  costs  *or 
major  Hooer  Lake  harbors  was  obta''nec  oy 
by  105  foot  estimate  to  lOCO  oy  125  *eet 
dreding  cost  for  the  Soo  is  estimiatec  to 


-ay  be 
qu i red 


,ne  :o:a.  :os:3 

•re:  r,re  :nen  estiratec  ::  :e  ::  , ::: ,  IC:  i-e  !jo, 

St.  Lawrence  ^i'^er. 

'!'ne  increase  in  anneal  eperatien  and  ten  a  nee 
expend! teres  dee  tc  the  23  'oot  tra^t  is  epea’  tc  tne  'n- 
creased  Taintenance  dred(]i  :cs  t  of  the  haroers.  '"’’"is  cost, 
ODtai  ned  fro'n  the  updated  Ship  Size  Ste  dy  and  scaled 

down  to  1  SCO  by  105  foot  snios,  is  estimated  to  be  Sd:2,r20, 
apolicable  to  the  Soo  Locks. 


Scenario  4'-  32  Foot  Draf 


As  ’was  tne  case  w i  t h  S c e n a r i  o  3  .v here  s  / s  1 1 


increasec  to 
the  ‘'laximiim  S 

j  n  ^  ciCx 


feet,  costs  were  not  direct'y  aveilazie  ^ror 
Size  Study  for  deeceninc  tne  SL/SLS  S^^stem 
to  uc  -eet  witnout  also  increasing  the  '^ax'^^em  snip  s'ze. 

'ne  cost  estimates  in  tne  cost  update  to  the  ‘''axOmem  S^io 
Size  Study  were  therefore  adjusted  to  develop  the  cost  esti"" 
for  this  scenario.  In  most  cases  the  estimate  .vas  -.ace  as¬ 
suming  a  940  by  105  foot  m^aximum  sized  ship,  scaled  down  by 
tne  significant  snip  dimension. 
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The  '^’aximium  Ship  Size  Study  stated  that  t'^e  si  g^i""  cant 
dimensions  for  channel  dredging  are  ship  draft  and  beam.  Tne 
cost  estimates  for  the  St.  Lawrence  9ive^"  a^d  We'"a'^.d  lanal 
may  be  direcly  prooortioned  from  105  to  SC  feet,  ^he  105 
foot  beam  estim.ate  may  be  used  directly  for  tne  Joper  LuNes 
channels.  The  estimated  channel  dredging  costs  are 
39,455,000,000  for  t^e  Soo,  51,322,200,000  t^e  Welland 
Canal,  and  53,965,000,000  for  the  St*  Lawrence  River.  A  cost 
of  5547,000,200  must  be  added  to  t.^e  Soo  cast  esti’^ate  "or 
flew  comoensating  structures. 


-arcor  arecging  :r^:^ari,y  a  o^'  :ra*: 

inc  '"he  costs  "or  crecgin;  one  "  ""ajor  ^coer  _a<es 

'".aroors  .vere  ootained  cy  sca'lrg  one  esciT.ate  "or  c^'.e  .'30 
by  135  "oot  snip  down  :o  a  1  OCC  by  135  foot  snip,  '"'''■e  estiTaced 
COSO  for  naroor  dredging  ,vnich  is  applied  to  the  Sco  is 
esti:T]ated  to  be  51,355,000,300. 

^jnnel  costs  are  strictly  draft  dependent  and  tnere"ore 
estinates  r.ay  be  made  directly  from  the  updated  Maximum  S'^io 
Size  Study  cost  estimates.  Tunnel  modifications  are  only 
required  at  the  St.  Lawrence  P.iver  where  the  cost  is  esti'^ated 
to  be  3d3, 303,000. 

The  tota  1  cons  true t i on  costs  for  increasing  tne  dra^t 
of  the  3l/5LS  System  to  32  feet  are  tnerefc^e  esti-^ateo  to 
be  31  1  ,41  0,000,000  at  the  Soo ,  51,499,000,000  at  t^e  Wella^'d 
Canal,  and  54 , 1 58 , COO , 000  at  tne  5t.  Lawrence  9iver. 

The  increase  in  operation  and  maintenance  costs  due 
to  increasing  system-wide  draft  to  32  feet  is  est^^'^atec  to 
be  the  increased  cost  of  harbor  maintenance  d’^eegi'^g.  '"'^is 
estimate  was  obtained  from  the  1100  by  105  foot  ship  estimate 
in  the  updated  Maximum  Shio  Size  Study,  ana  scaled  down  to 
the  1 OCO  by  105  foot  ship  size.  Tne  increasec  operation  and 
maintenance  cost,  which  is  aoolied  only  to  the  Soo  Locks, 
is  estimated  to  be  3537,000  per  year. 


3.10  Scenario  5  -  Constrained  Cargo  Flows 

The  only  capital  costs  which  must  be  expended  in  this 
alternative  are  tnose  of  constructing  a  new  1350  by  115  foot 
lock  at  the  Soo,  capable  of  handling  1100  by  105  ^oot  ships, 
'^his  estimate  was  develooed  oreviously  as  oart  of  Scenario 
1,  The  costs  considered  were  lock  costs,  channel  costs, 
and  naroor  costs . 

The  Soo  Lock  costs  for  constructing  a  1350  oy  115  foot 
lock  include  in  addition  to  t.^e  cos:  of  tne  '^ew  loc<,  tne 
costs  for  modifying  the  St.  Marys  River,  St.  Clair  River-Lake, 
St.  C  i  a  i  r-Oetroi  t  River,  the  Straits  of  Mackm^.a:,  and  major 
Upper  _akes  harbors,  as  listed  in  Table  3.2,  to  al'tw  passage 
of  ilCO  by  105  foot  ships.  Tne  "following  cost  ite^s  comorise 
the  cost  estimate  ^or  the  Sco  Locks: 


3-n 


1  350  bv  115  foot  Lock 


•V  -j/ 

Major  Harbor  Dredging  Z57  ,CLC  ,0CC 

TOTAL  3344,000,000 

The  total  construction  cost  estimate  for  Scenario  5  is  tne^e 
3344,000,000. 

The  annual  operation  and  maintenance  cost  due  to  a 
1350  by  115  foot  lock  at  the  Soo  and  access  for  ilOO  by  105 
foot  ships  in  the  Upper  Lakes  narbors  and  channels  ’is  equal 
to  the  increased  maintenance  dreding  cost  the  Upper  ^a-.es 
harbors.  The  annual  ooeration  and  maintenance  cost  is 
estimated  to  be  3421,000  per  year. 


'ndrj  ZdOdC  1  Ana'/ses 


"3D'es  } /i  9.9  surnr^arize  :he  results  tl'^e  ^cc.< 
:aza:ity  expa'^sion  3i:erna:ives  sensitivity  and  feasiDility 
ana^/sis.  Eacn  ta^le  s^z^marizes  3  set  of  runs  commercing  a: 
tne  case  year  of  1?73.  “The  non- structural  alternative  analysis 
sumnaries,  'aoles  9.1  througn  9,4,  give  the  base  case,  or  ex¬ 
isting  system,  capacity  conditions  and  the  individual  ncn- 
structurO'  imoro venent  alter.^ative  cacacity  conditions, 
structural  and  alternative  analysis  summaries,  Tables  9.5 
through  5,9,  gi /e  the  base  case  zapac-'ty  zondi  tiers,  the  non- 
structural  alternatives  combined  *:o  ■maximum  utility  capacity 
conditions,  and  the  structural  alternative  Zd;:acizy  condi¬ 
tions,  or  the  year  2050  conditions  i^  zazacity  is  not  '"a2C''"ed 
by  then . 


The  following  information  is  contained  in  each  of  the 
summary  tables  : 


1.  Capacity  Year:  The  year  in  wnich  capacity,  defined 
as  an  average  lock  jtilization  90‘'  for  ’-'ay 
through  Novemoer,  is  reached.  If  capacity  is  not 
reached  by  2050,  'past  2050'  is  specified. 


Tonnage  at  Capacity: 
proces  sed  througn  tne 
year ,  I f  capac i ty  i s 
2050  cargo  tonnage  i s 


The  total  amount  o'"  cargo 
loc<  system  in  the  capac’ity 
rot  reached  by  2252,  tne 
g i ven  . 


Oelay  Time:  The  total  nL.mzer  o^'  ship  .'^ait'in: 
hours  at  the  constraining  lock  during  the  capacity 
year.  This  number  is  obtainec  oy  summing  over  t'^e 
year  ^or  each  direction,  t'^'e  average  vesse^  waiting 
time  at  the  constraining  'ock  ^or  each  ‘^.cnt'mj 
period  multiplied  by  the  number  of  transits  dur¬ 
ing  that  monthly  period.  If  zapacity  is  '"ot 
reached  by  2050,  the  2050  delay  times  are  given. 


Composite  Ship  Slasses: 
class,  by  commocity,  “'or 
lock  system.  The  metnoo 
bers  is  given  in  Seztion 
not  "'eazned  zy  2250,  t'^e 
c 1  a  s  s  8  s  are  given. 


~  h  e  ,v  e  i  0  h  t  e  c  e  a  n  s  n  i  n 
the  fleet  u  1 1 1  i  z  i  n t  e 
0“  ootainin:  t'^ese  "u;-- 


TABLE  9.1  RESULTS  OF  LOCK  CAPACITY  ANALYSIS 
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TABLt  9.3  RESULTS  OF  LOCK  CAPACITY  ANALYSIS 


TABLE  9.4  RESULTS  OF  LOCK  CAPACITY  ANALYSIS 
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TABLE  9.5  RESULTS  OF  LOCK  CAPACITY  ANALYSIS 


TAliLL  9.6  RESULTS  OF  LOCK  CAPACITY  ANALYSIS 


1  ocks 


draft 


TAlil.l  9.9  RLSULTS  OK  LOCK  CAPACITY  ANALYSIS 


NOTES  TO  -"ABLES 


HROUGH  ?.9 


1.  Belay  tine  is  the  cumulative  waiting  time  during  tne  capacity  year  :'cr 
the  constraining  lock. 

2.  Class  5  ships  are  oceangoing.  Class  5  ships  are  laker  classes  5  and  6. 

3.  Soo  Locks  costs  include  the  capital  or  O&M  costs  of  the  Soo  Locks,  the 
St.  Marys  R^ver,  the  St.  Clair  River',  the  Detroit  River,  the  Straits  of 
Mackinac,  and  17  major  Upper  Lakes  harbors.  Welland  Canal  costs  include 
the  capital  or  OiM  costs  for  the  Welland  Locks  and  Canal.  St.  Lawre'":ce 
River  Locks  costs  include  the  capital  or.  ONM  costs  ^or  the  St.  Lawrence 
River  and  the  locks. 

4.  Operation  and  maintenance  costs  given  are  the  additional  costs  due  to  the 
improvements.  Zero  O&M  cost  indicates  no  increase  over  the  nc-oroject 
level  due  to  the  project. 

5.  N/S  to  max  utility:  Mon-structural  improvements  taken  to  maximum  utility 
consisting  of  traveling  kevels,  reduced  dump/fill  times,  and  lock  traffic 
control  systems.  Locking  times  are  reduced  13t  in  total  at  eacn  loc< 
system. 

6.  The  1350  ft  x  115  ft  lock  is  capable  of  passing  a  1100  x  105  ft  snip  /Blass 

7.  The  1460  ft  x  145  ft  lock  is  capable  of  passing  a  1200  x  130  ft  ship  (Class 

3.  Tonnage,  Delay  Time,  and  Composite  Shio  Class  are  at  2050. 

9.  Classes  3  and  3  for  the  St.  Lawrence  River  and  Welland  Canal  incl'>.d8  ocean¬ 

going  ships  longer  than  700  feet  as  well  as  lakers. 

10.  Cargos  are  constrained  by  the  Welland  Canal  reacning  capacity  at  1995. 

11.  Traveling  kevels  reduce  locking  times  7.5'.-  at  all  locks  by  reducing  lock 
entrance  times. 

12.  Increase  ship  speed  into  lock  by  oroviding  safety  bumoers  and  ^e^ders. 
Locking  time  reduced  2.50  at  the  Soo  and  St.  Lawrence  River  Locks,  and 
5.00  at  the  Welland  Canal  Locks. 

(3.  Lock  Chambering  Time  decreased  by  reducing  dump/fill  and  oy  pro'. -^sins 

downstream  longitudinal  assistance.  LocKing  times  reduced  5.5  oc/.nocund 
and  1.00  upbound  at  the  Soo  and  St,  Lawrence  River  Locks,  arc  5.B 
downbound  and  2,3B  upbound  at  tne  Wei  lane  Canal  Locks. 

1*4,  Lock  ^Doroac'n  "^imes  ^^duc'^d  b\/  i’^itl  no  a  l^cal  t'’"‘2'^*’ '*  s  sonm  '*'^’.  "'/ste''"'. 

Locking  tires  reduced  unbound  and  bowrocund  at  the  Soo  a-^d  St.  Lawrenc 

River  Locks,  and  3.0''  at  the  Well  ana  Canal  cocks. 

15.  Vessel  draft  is  25.5’  unless  otherwise  soecified. 


.^cz^or,  .aken:  capaci:,.  ::.ternatT;e 

that  is  i-npleirie^^tea  to  ra'iave  t'^e  oapacity 
c  0  n  d  i  t  i  0  n  . 

Capital  Cost:  The  estioiateo  initial  tost  of 
i^np  1  enenti  ng  the  caoacity  expansion  neasore 
listen  in  "Action  Taken". 

CiM  Cost:  The  estio^ated  additional  annual  costs 
that  -vili  oe  incurred  as  a  result  of  inipl  ementi  ng 
t^e  e<oans‘::n  ~'easure  listed  in  "Action  '^3.'<en''\ 

A  zero  '  C Cost'  i  n  d  i :  a  t  e  s  t  h  a  t  t "  e  o  p  e  a  - 

t  i  0  3  .3  i  *■  e 3  0  e  cost .*v  ill  not  i  n  c  r  e  a  s  ^ 


t  i  0  n  at  eat''  o : 


renu  3  ret . 


are  internes  to  pro  vice  in- 
*  "’03"  S' '''a  t^e  saoacit’/  t^e  CL'SL 
t t./  a'lO  feasibility  analysis 
as'/e  -"erits  o^  several  'tears  of 
T - 0  cutout  s  ‘  t n  s  s  s  t  j c y  wi  1 1  o e 
.  '  ■? '  e  saoaoity  exoansicr,  'teasures  wricn 
s  "  n  '''  a  0  a  c  i  *"  '«■’  o  o  n  d  i  ”  i  !*'-  n  s  a  **  ^  h  e 
r  "'..''s-'e^'  a^a'ysis.  Before  a  decision  is 
y-e-'ta  ti  on  any  of  t'lese  a  1  ter na  ti  / es  , 
r  :  OP'' i  s  t  i  ca  tec  anc  'tore  cetailec  'tocels 
f'e  fine*''  details  of  tne  locking  ooera- 
•ee  "scv  Systems,  and  design  work  to 
ir:  cetailec  cost  estimates,  will  oe 


w  n  1  :  e  tne  a  .  t  e  r  a  1 1  /  e  s  :  ^  3'  e  s  1 1 1  a  t  e  c  .v  ■  !  o  e  a  a  •  j'  r  e  c 
in  ter''is  of  hCC  Benefits,  as  a  prelimi'^ary  mea’'^s  of  deter:iin- 
i^g  t^'e  "'elat'i/e  /aV^e  pf  t.'^e  capacity  exca ns ' on  "eas^res 
tested  in  tnis  sensitivity  analysis,  tne  increase  in  tonnage 
orocessed  oer  Collar  of  caoital  cost  can  be  comoa^ed  fpr  each 
of  the  al  terna  ti  ves .  This  means  o^  evaluation  's  r^ot  suffioie'^ 
to  ma<e  final  decisions  :n  these  alternatives,  but  may  be  used 
to  give  a  preliminary  relative  ranking.  Table  C.lj  gives  the 
increased  tonnage  per  Collar  of  investment  cost  of  eac^  of  tne 
alternatives  at  eacn  of  tne  lock  systems. 

Examining  the  resu'ts  S''own  on  ".1C,  the  non- 

structural  alternatives  apoear  to  give  :^.uch  tetter  imorovemen t 


?nS()  toniid'je.  Tfi(‘  actual  ca()ciciLy  iucrcdbc  aud  i  ncit'asu  per  uu  i  L 
will  ( l)t.*rr  t  ore  be  qrc*ater  t.f)dn  the  nuiiiljers  sfiowu. 


per  unit  of  invest.'tent  tnan  do  tne  structural  a' ter'^ati  ves .  "*ne 
non- s true tura^  alternatives  are  relatively  lov/  cost  'neans  of 
relieving  lock  capacity  conditions  over  the  short  term.  Structura 
alternatives,  on  the  other  hand,  are  high  cost  expansion  measures, 
however,  they  provide  longer  term  relief  in  alleviating  capacity 
conditions  at  the  locks.  Therefore,  in  performing  long  range 
planning  for  a  lock  system,  structural  and  non-structural  alter¬ 
natives  must  he  compared  separately.  The  non-structural  alter¬ 
natives  could  be  used  to  alleviate  immediate  capacity  conditions, 
while  the  structural  alternatives  should  be  considered  for  pro¬ 
viding  larger  capacity  gains  over  longer  periods  of  time. 

Based  on  the  increased  tonnage  per  unit  cost  of  implemen¬ 
tation,  the  local  traffic  control  system  appears  to  be  the  most 
favorable  non-structural  alternative  at  all  three  'ock  systems. 
This  is  followed  by  increasing  the  ship  speed  into  the  lock, 
installing  traveling  kevels,  and  lastly,  reducing  the  chambering 
time  . 

For  the  structural  alternatives,  the  1350  x  115  foot  lock 
appears  to  be  most  favorable  at  the  Soo  and  tne  5t.  Lawrence 
River  Locks.  The  1460  by  145  foot  lock  appears  to  be  most 
favorable  at  the  Welland,  and  is  very  close  to  being  the  most 
favorable  alternative  at  the  St.  Lawrence  River,  Overall,  the 
1  350  by  115  foot  lock  is  probably  the  best  alcernativ'e  because 
there  is  only  a  small  difference  in  tonnage  per  unit  cost  be¬ 
tween  the  two  lock  size  alternatives  at  the  Welland  Canal.  The 
1450  Dy  145  foot  lock  would  rank  second,  followed  oy  32  foot 
draft  and,  finally,  23  foot  draft. 

Scenario  5,  a  1350  by  115  foot  lock  at  the  Soo  with  t^e 
Welland  Canal  at  capacity  and  limiting  tonnages,  cannot  ce  com¬ 
pared  with  the  other  structural  alternatives  because  ca^go 
demand  is  different  for  this  scenario. 

To  develop  a  more  accurate  ranking,  othen  factors  such 
as  operating  cost,  costs  due  to  waiting  at  a  lock,  a^d  t^e  tost 
of  not  being  able  to  pass  the  uncons tra i ned  cargo  forecasts  Jue 
to  the  existence  of  a  capacity  condition  must  be  taken  into 
account.  Such  a  detailed  analysis  is  anothei'  task  of  this 
study  which  will  result  in  a  ranking  of  the  non- s true tura 1 
and  structural  alternatives  in  terms  of  NFO  Benefits. 
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The  results  of  any  Zazacity  expansion  sensitivioy  and 
feasibility  analysis  nust  be  interpreted  in  terms  of  the  assump 
tions  made  for  the  input  parameters.  The  most  significant 
inout  parameters  for  this  study  include  the  cargo  projections, 
the  locking  times,  and  the  changes  in  locking  times  associated 
with  each  capacity  expansion  alternative,  and  the  fleet  mix 
and  the  changes  in  the  fleet  mix  with  time  and  due  to  tne  capac 
i  ty  expansion  alternatives,  vrnile  the  inout  assumptions  used  in 
this  study  were  cased  upon  the  best  information  available  at 
the  time  of  the  study,  it  is  recognized  that  differences  of 
opinion  exist  in  some  areas,  and  better  assumptions  may  be  pos¬ 
sible  in  the  ^uture  as  more  data  becomes  available  or  as  fur the 
analysis  is  completed,  recognizing  this,  tne  following  con¬ 
clusions  are  :rawn  “>cm  this  sensitivity  and  feasibility 
analysis  of  GL/SLS  System  capacity  expansion  alternatives: 

1.  The  GL/SLS  Lock  Caoacity  Model  has  been  modified  f 
use  in  analyzing  the  sensitivity  of  the  System  to  a  broad  ran 
of  non-structura  1  and  structural  alternatives  for  increasing 
System  capacity.  The  mode!  is  especially  applicable  to  feasi¬ 
bility  and  sensitivity  analyses  since  a  large  number  of  runs 
can  be  made  relatively  quickly  and  at  relatively  low  cost. 

2.  Existing  Conditions 

•  If  the  existing  high  water  levels  remain,  allowing 
27  foot  dra't  at  the  Soo  and  26  foot  draft  in  tne 
St.  Lawrence  Seaway,  capacity  will  be  reached  i*" 

193d  at  tne  Welland  Canal,  2010  at  the  Soo,  and 

2 0 1  d  at  the  St.  La wr c nee  x i e r  . 

•  I  the  cur!^ent  high  water  levels  recede  to  low  water 
datum,  resulting  in  a  25.5  foot  system-wide  ship 
craft,  oaoacity  .vi  1 1  oe  reacnec  in  1981  at  tne 
Welland  Canal,  20C6  at  the  Soo,  and  2006  at  the 

St.  La re  nee  xiver. 

3 .  Non- S  t rue  tura 1  A1 terna  ti v  es 

•  Nen-s truct jr 2  1  alternatives  provide  s’mont  term 

c  3  oa  c  i  t  y  f'e  1  i  e  f  at  r  e  1  a  t  i e  1  y  1  ow  cost,  .v  i  t  u  t 
requiring  major  lock  or  cnannel  construction . 


1 


U'}  O 


The  effective  i  rdi  v  i  j’^a "  non -structural  al^erra 

live  tested  is  traveling  keveis  wnicn  postponed  lcc< 
capacity  until  1  535  at  tne  Welland  Canal,  ZCW  at 
the  5oo,  and  2016  at  the  St.  Lawrence  River. 

Mon-structural  alternatives  can  be  combined  to  pro¬ 
vide  greater  capacity  increases.  Mon-structural 
al ternati ves  considered  in  this  study  combined  to 
maximum  utility,  consisting  of  installing  traveling 
kevels,  reducing  dump/fill  times,  and  installing 
local  traffic  control  systems,  provide  the  greatest 
non-structural  capacity  increases  in  this  study. 
Capacity  is  delayed  until  1996  at  the  Welland 
Canal,  2013  at  tne  Soo  ,  and  2024  at  the  St. 

Lawrence  River,  based  on  an  allowable  ship  dra^t 
of  25.5  f ee t . 

Structural  Scenarios 

The  structural  scenarios  provide  longer  term 
capacity  expansion  but  at  much  greater  cost  than 
the  non-structural  exoansion  alternatives.  Struc¬ 
tural  expansion  entails  lock  replacement  and/or 
significant  channel  dredging. 

The  2050  unconstrained  cargo  forecasts  cannot 
be  passed  through  any  of  the  GL/SLS  Lock  Systems 
by  constructing  1350  by  115  ^oot  locks  capable  of 
handling  1100  by  105  foot  (CVass  11)  vessels  at 
drafts  of  25.5  feet.  With  these  locks  implemented, 
capacity  is  reached  in  2034  at  the  Welland  Canal, 
2043  at  the  St.  Lawrence  River,  and  2050  at  the  Soo. 

The  LL'50  uncons  tra  i  ned  cargo  "arecasts  can  be 
passed  through  t'^e  Soo  3nd  St.  La.vrence  River  Locks 
at  25.5  foot  draft  by  constructing  145C  by  145  -cot 
locks  .V h  i  c n  are  ■: a : a b  1  e  o'"'  '' a  n  j  ^  1  r  g  1  2 C 0  by  1 :  C  ' o c  t 
(Class  12)  ships,  "he  2C5C  cargo  cannot  be  passed 
t'^roug'^  t'^e  Welland  Ca^a'  oy  cons  true  si  ng  Ibfc 
145  f'oot  locks  .vithout  increasing  dra^'t  beyond 
2  5.5  f'eet.  Capacity  is  reacned  at  t^e  Wei  lane 


Increased  snip  craft  witnout  increased  loc-'.  :ice 
does  not  pnovide  as  -"^ucn  capacity  increase  as  is 
lained  from  increased  loc'-'  sice.  .Mtn  exist'"  i 


lock  sizes  and  23  foot  system-wide  draft,  capacity 
is  reached  in  2012  at  the  Welland  Canal,  2C25  at  the 
Soo,  and  2034  at  the  St.  Lawrence  River.  With  ex¬ 
isting  lock  sizes  and  32  foot  system-wide  draft, 
capacity  is  reached  in  2030  at  the  Welland  Canal, 

2038  at  the  Soo,  and  2046  at  the  St.  Lawrence  River. 

Construction  of  a  new  1350  by  115  foot  lock  at  the 
Soo  would  provioe  significant  capacity  increase  even 
if  no  changes  were  made  to  the  St.  Lawrence  Seaway 
Lock  Systems  beyond  the  non-structural  modi fications. 
With  cargo  flows  constrained  due  to  a  capacity  con¬ 
dition  at  the  Welland  Canal,  capacity  would  be 
reached  in  2020  at  the  Soo  after  t'’^.e  installation  of 
the  non-structural  alternatives  combined  to  maxi¬ 
mum  utility.  Construction  a  new  135C  by  115 
foot  lock  then  postpones  capacity  to  beyond  2050. 

The  Welland  Canal  cannot  pass  tne  205C  uncons tra 
cargo  flow  in  any  of  the  scenarios  tested.  A  com¬ 
bination  of  increased  lock  size  and  increased 
draft,  or  a  different  tyoe  of  scenario  suc^  as  a 
parallel  lock  system  will  be  required  at  tne 
Welland  Canal  to  pass  the  2050  unconstrai ^ed 
cargos. 


n .  recgmme:;ca::::;s 


Based  on  the  results  of  the  capacity  expansion  sensitiv¬ 
ity  and  feasibility  analysis  presented  in  this  report  and  the 
knowledge  gained  during  the  study,  it  is  recommended  that  con¬ 
sideration  be  given  to  using  the  GL/SLS  Lock  Capacity  Model  for 
further  analysis  of  structural  and  non-structura 1  capacity 
expansion  alternatives  as  follows: 

1.  Run  additional  structural  scenarios  to  gain  further 
insight  into  the  increases  in  capacity  that  structural  improve¬ 
ments  can  yield.  This  is  particularly  necessary  at  the  Welland 
Canal  where  capacity  was  reached  prior  to  2050  in  all  of  the 
scenarios  tested  in  this  study.  Additional  scenarios  that  might 
allow  the  Welland  Canal  to  pass  the  projected  205C  unconstrained 
cargos  are: 

a.  1460  by  145  foot  locks  with  28  foot  draft  at  all 
si tes . 

b.  1350  by  115  foot  locks  with  32  foot  draft  at  all 
si tes . 

c.  1350  by  115  foot  locks  with  23  foot  draft  at  all 
si tes . 

d.  1350  by  115  foot  locks  at  all  sites  with  a  dup¬ 
licate  (parallel)  system  at  the  Welland  Canal, 
all  at  25.5  foot  draft. 

e.  1350  by  115  foot  locks  at  all  sites  with  a  dup¬ 
licate  (parallel)  system  at  the  Welland  Canal, 
all  at  23  foot  draf t . 

The  MacArthur  Lock  was  very  much  under-utilized  w^en  the 
lJ-50  by  1^5  foot  lock  was  constructed  in  place  of  the  Saoin  a'^d 
Davis  Locks  at  the  Soo  because  most  of  the  ships  were  then  too 
large  to  fit  through  the  MacArtnur.  Further  expansion  scenarios 
worthy  of  consideration  at  the  Soo  then  include: 

f.  Build  a  new  MacArthur  Lock  capable  of  handling 
Class  10  snips  vnen  the  1460  by  145  "sot  loC'S 
are  cons  t'^uc  ted ,  maintaining  a  syste:''.-wi  :e 

of  25.5  feet . 
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g .  Build  a  new  MacArthur  Lock  capable  of  handling 
Class  10  ships  when  the  1450  by  145  foot  locks 
are  constructed,  with  a  system-wide  draft  of 
23  feet. 

2.  '^est  non-structural  alternatives  which  have  effects 
other  than  decreasing  locking  times  in  order  to  determine  their 
effectiveness  on  increasing  capacity.  Two  possible  non-s tructural 
alternatives  of  this  type  are: 

a.  Lockage  Fee,  Replacing  the  current  toll  system 
which  is  based  on  tonnage  by  a  set  ^ee  per 
lockage.  The  economic  incentives  form  this 
alternative  would  be  towards  reducing  oa':  lasted 
transits  and  increasing  the  use  of  larger  ships 
which  results  in  an  increase  in  lock  capacity. 

b.  Congestion  Toll.  Such  a  toll  assesses  the  user 
for  the  social  marginal  cos':  due  to  t'^e  delay 
at  the  lock  in  addition  to  toe  private  marginal 
cost  which  he  already  realizes.  The  congestion 
toll  has  the  effect  of  increasing  system  ef¬ 
ficiency  and  eliminating  the  marginal  user  o" 
the  lock. 

3.  Adaitional  scenarios  for  increasing  system  caoacity 
could  be  run  using  10,  11,  or  12  month  navigation  seasons.  As 
further  alternatives,  the  season  could  be  extended  in  the  Lcoer 
Lakes  only,  or  in  the  Upper  Lakes  for  one  period  of  ti’-e,  and 
the  5t.  Lawrence  River  and  Welland  Canal  for  a  different  ceri:d 
of  time. 


4.  A  more  comprehens i ve  non-s tructural  i' 
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a.  Locking  Time  Reduction.  Cover  a  0  to  20T  re- 
duction  upbound  and  dcwnbound,  stepping  every 

2 . 

b.  Fleet  Mix.  Cover  several  shipbuilding  percentag 
ranging  from  one  that  favors  mostly  small  shios 
to  one  that  favors  construction  of  mostly  large 
ships . 

c.  Cargo.  The  overall  cargo  projections  would  be 
varied  r  1C  to  20T,  or  individual  commodities 
which  may  be  expecially  dii^ficult  to  project 
could  be  varied  individual 'y  over  some  bread 
range . 

d.  Ship  Utilization.  The  percentage  o"^  empty 
backhauls  could  be  varied  from  the  maximum 

of  one  for  every  loaded  transit,  to  tne  mini¬ 
mum  number  of  empty  backhauls  allowed  by  the 
cargo  flows . 
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